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tive domains which influence the activity of the polypeptide with a target substance. Such active domains are determined by sub- 
stituting selected amino acid segments of the polypeptide with an analogous polypeptide segment from an analog to the polyp 
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methods for identifying the active amino acid residues within the active domain of the parent polypeptide. The method comprises 
substituting a scanning amino acid for one of the amino acid residues within the active domain of the parent polypeptide and as- 
saying the residue-substituted polypeptide so formed with a target substance. The invention further provides polypeptide variants 
comprising segment-substituted and residue-substituted growth hormones, prolactens and placenta! lactogens. 
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METHOD FOR IDENTIFYING. ACTIVE DOMAINS 
AND AMINO ACID RESIDUES IN 
POT.YPEPTTnFR AND WOPMONB VARIANTS 

This is a continuation-in-part of U.S. patent 
application. Serial No., 07/264 ,611 , ; filed ..Oc-tober 28, 
1988. ■ ,. ' 

Fields, of- fche Inv ention ■ : - , v.^-^'.!',-.- r .£X;c 

The invention,is directed:, to, method^ for identifying - 
the active domains and - amino acid residues in 
polypeptides; It is also, directed to hormone 
variants . 

Background of t *«* Tnvention 

Polypeptides, i.e., peptides and proteins, comprise a 
wide variety of biological molecules each having a 
specific amino acid sequence, structure and function. 
Most polypeptides interact with specific substances 
to carry out the function of the polypeptide. Thus, 
enzymes, such as subtilisin, amylase, tissue 
plasminogen activator, etc., interact with and 
hydrolyze specific substrates at particular cleavage 
sites whereas proteinaceous hormones such as human 
growth hormone, insulin and the like interact with 
specific receptors to regulate growth and 
metabolism. In other cases, the interaction is 
between the polypeptide and a substance which is not 
the primary target of the polypeptide such as an 



immunogenic receptor. Many polypeptides are 
pluripotential in that , they contain discrete, regions 
which interact with different ligands or receptors, 
each of which produces a discrete biological effort. 
For example, human growth hormone (hGH) is 
diabetogenic and lypogenic in adults and induces long 
bone growth in children. 

Efforts have been made to modify the primary 
functional properties of naturally occurring 
polypeptides by modifying amino acid sequence. One 
Approach has been to substitute one or more ammo 
acids in the amino acid sequence of a polypeptide 
with a different amino acid. Thus, protein 
engineering by in vitro anutagenesis.and^expr^ssion of 
• medne^a* repof tedly^ -has^ been- applied to? improve 
thermal 1 br^ oxidative stability of various, .proteins. 
Villafranca, J.E.i et al. (1983) Science .2^2, 782- 
788; Perry, L.J. , et al. (1984) Science 226, 555- 
557; Estell, D.A., et al. (1985) .T Biol. Chem. 260, 
6518-6521; Rosenberg, S., et al. (1984) Nature 
(London) 312, 77-80; Courtney, M., et al. (1985) 
Nature ^ndon^ 313, 149-157. In addition, such 
methods have reportedly been used to generate enzymes 
with altered substrate specificities. Estell, D.A., 
et al. (1986) sjsience. 223_ f 655-663; Craik, C.S., et 
al. (1985) Science 228, 291-297; Fersht, A. R. , et 
al. (1985) Mature ILondonL 21£, 235-238; Winther, 
JR et al. (1985) f*-ri sharer Rpq. Commun., 50., 273- 
284*/ Wells, J.A., et al. (1987) ?ror ■ Natl . Acad. . 
Sci M 1219-1223. The determination of which ammo 
acid residue should be modified has been based 
primarily on the crystal structure of the 
polypeptide, the effect of chemical modifications on 
the function of the polypeptide and/or the 
interaction of the polypeptide with various 
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substances to ascertain the mode of action of the 
polypeptide. in some cases, an amino acxd 
" substitution has been deduced based on the 
differences in specific amino acid residues of 
5 ' related polypeptides, e.g. difference in the amino 
and sequence in substrate binding regions of 

s-ub^ilAsins having different substrate 

specificities^ : Wells, J. A., et. .al. J1987^ ^ 
- ^ A ^ , USA 84, 5767. In . other cases, the 

10 amino acid sequence of a known active region of £ 

molecule has reportedly been modified to change that 
sequence to that of a known active region of a second 
molecule. Wharton, *. P., et al. (1985) Hature 316, 
6P1-605, and Wharton,„R,.P.,.ft j; al. (1984) 38, 

:rrep,;es,cr:^th.:^cognit^ : .helix ? 
, ■ •- ; V : ^ Sh 'al ' fl986) Nature 321, 

522-525 : (substitution bf variable reg^n ? of a ^ouse 
~ antibody for ^corresponding region . of human myeloma 
20 • protein) . While this approach may' provide^ some 
predictability with regard to the properties modified 
by such substitutions, it is not a methodical 
procedure which would confirm that all regions and 
O residues determinative of a particular property are 

25 identified. At best, empirical estimates of the 

energetics for the strengths of the molecular 
° contacts of substituted residues may be ascertained. 

in this manner, the strengths of hydrogen bonds 
(Fersht, A* R. , et al. (1985) Nature 314, 235; Bryan, 
30 P., et al. (1986) Proc. Natl . Arad. Sci. USA , 83 , 

3743; Wells, J. A. , et al. (1986) rhim. Trans. R. 
«~. Tendon A. 212, 415) , electrostatic interactions 
(Wells, J. A., et al. (1987) Vror N»t1 Ac*d. Sci. 
USA. 8A, 1219; cronin, C. N. , et al. (1987) £^ 
35 rh... see. 102, 2222), and hydrophobic and steric 

effects (Estell, D. A., et al. (1986) Science 233, 
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• . '"659; Chen, ..J. T. , et al. (1987) Bi oc^istrv 26, 
' 4093) "have been' estimated for specific modified 
" " residues. These and other reports' (Laskowski, M. , et 
al. (1987) Cold Spring Harb oV svmp, Onant. Biol. 52., 
545; Wells, J. A., et al. . (1987) Pro^ , Natl. Acad. 
""s'ci T USA ^rsil^'-'ionwr V/^. 1 ;- e€ 'kir-(i986r Mature 
' f'lll, *' 522; Wharton, R. P., et'al v ^S)' lia^ure; 116, 
601) have concluded that mutagenesis of known contact 
' residues causes large effects on binding whereas 
; mutagenesis of non-contact residues has relatively 
minor effect. 

•'\^ : secohd' • reported approach; to - understand" the 
' relationship between amino acid segji'ehce and primary ^ 
^^ S: ^uncticS ; employs in >ivo 'l^oiogous " rWcbi^lhatiort 
: 1 related * genes t* prbducr hybrid DNA" sequences 

a ^"f 7 enc o d ing : S hybrid ' \ p o 1 y p elides V;; ; - 3 Such - hybrid : ■; 
^•^"polypeptides have reportedly been obtained by the. 
' homologous recombination of trp B and' trp' A from 
E.coli and salmonella j-yphi murium (Schneider, W. P., 
et al. (1981) Ptdc. Nat l- Acad. Sci.. USA 28, 2169- 
2173) ; alpha 1 and alpha 2 leukocyte interferons 
(Weber, H. and Weissmann, C. (1983) Win. Acids Res. 
H, 5661) ; the outer membrane pore proteins ompC and 
phoE from E.coli K-12 (Thommassen, J., et al. (-1985) 
i EMBO 4, 1583-1587) ; and thermophilic alpha-amylases 

from nxHilPB stearotb ^ophilus and Bacillus 
lirhiniformis (Gray, G. L. , et al. (1986) 
■T. Bacterial. 166, 635-643). Although such methods 
may be capable of providing useful information 
0 relating to amino acid sequence and function as well 

as useful hybrid polypeptides, as reported in the 
case of the hybrid alpha amylases, it is difficult to 
utilize such methods to systematically study a given 
polypeptide to determine the precise regions and 
\5 amino acid residues in the polypeptide that are 



active with one of the target substances for that 
particular molecule. This is because the site of 
crossover recombination, which defines the DNA and 
amino acid sequence of the hybrid , is : determined 
primarily by 1*e. pNA ;r , sequence. £ 6f ^ the .genes of 
interest ; and . the . recombination , mech.anism oi the host 
cell. such -methods do not, provide for the 
predetermined and methodical sequential replacement 
of relatively small segments of DNA encoding one 
polypeptide with a corresponding segment from a 
second gene except in those fortuitous circumstances 
when, crossover, occurs, near the. 5' or 3' end. of the 
gene • . v ,j. r. . v . r. ; : a..* — • .*;:: - 

,^^p m ^:^r^ been .^jdieay Wo^f-" 1 / 
techniques. One technique uses hormone peptide 
fragments; ,to map the .location of the; receptor 
binding sites on the hormone. The other technique 
uses competition between neutralizing monoclonal 
antibodies and peptide fragments to locate the 
receptor binding site by epitope mapping. Exemplary 
of these techniques is the work reported on human 
growth hormone (hGH) . 

Human growth hormone (hGH) participates in much o~* 
the regulation of normal human growth and 
development. This 22,000 dalton pituitary hormone 
exhibits a multitude of biological effects including 
linear growth (somatogenesis) , lactation, activation 
of macrophages, insulin-like and diabetagenic effects 
among others. See Chawla, R. K. (1983) Ann. Rev. 
Med. 3_4, 519; Edwards, C. K. , et al. (1988) Science 
239 . 769; Thorner, M. O. , et al. (1988) J. Clin, , 
invest. 81, 745. Growth hormone deficiency xn 
children leads to dwarfism which has been 



successfully treated for more than a decade by 
exogenous administration of hGH. There is also 
interest in the antigenicity of hGH in order to 
distinguish among genetic and pbst-translationally 
modified forms of hGH' (Lewis, U. J. (1984) Ami, Rev. 
^hvsiol - ' ' 46 . 33) characterise any immunological i 
response to hGH when it' is administered clinically, 
and to quantify circulating levels of 'the hormone. 

hGH is a member of a family of homologous hormones 
that include placental lactogens, prolactins, and 
other genetic and species variants of growth hormone. 
Nlchol, C . S . , " e^^T"' C1986P. - FnHnryffle -Reviews 1, 
169. hGH is unusual among these in that it exhibits 
broad species specificity and binds monomerically to 

•%&her ^i^^i^^^^^^'^^^^^^' : a1, - v: 
^fi98T> ■ Nature 33j£ 537) or prolactin ' ; r^deptor / 
(Boutin/ J. M.V et"' aiV (1988) Cell £3/ .;69) . The; 
cloned gene for hGH has been expressed in : a secreted 
form in F.schericha coli (Chang, C. N. , et al. (1987) 
Gene 55, 189) and its DNA and amino acid sequence has 
been reported (Goeddel, et al. (1979) Nature 281, 
544; Gray, et al. (1985) Gene 39, 247). The three- 
dimensional structure of hGH is not available. 
However, the three-dimensional folding pattern for 
porcine growth hormone (pGH) has been reported at 
moderate resolution and refinement (Abdel-Meguid, S. 
S., et al. (1987) Pt-oc. Nat l- Acad. Sci. USA £4_, 
6434). 

Peptide fragments from hGH have been used in attempts 
to map the location of the receptor binding site in 
hGH. Li, C. H. (1982) yfol . Cell. Biochem., 46, 31; 
Mills, J. B., et al. (1980) Endocrinology 107, 391. 
in another report, a fragment consisting of residues 
96-133 was isolated after proteolysis of bovine 



growth hormone. . This fragment, was, .reported to bxnd 
to a growth hormone receptor. Yamasakin, et al . 
(1.970) Riochemistrv . 1107. However., when a. larger 
peptide containing residues 1-133 was produced by 
recombinant^ methodology, .no ; .d.et ; ectah^ ( b^ing 
activity- , was .observed. . Kriyi,. G. G. , et al., 
international, :Sy^osiumi'on Growth Hormone; Basic, and 
Clinical Aspects, .Abstract i-18,;. Final Program, 
sponsored by Serono Symposia, USA, June 14-18, 1987; 
These results are clearly irreconcilable and 
demonstrate the; potential unreliability of using 
peptide, fragments nSo.map.rec^^ a 
, P roteinaceous,hormone, especially,^ or those .where the 

itod*ng /x ,3i^ 
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The use-, of^- neutralizing ., .monoclonal, .^antibodies to, 

locate the receptor "binding sites by epitope mapping 
has similar limitations. For example, a monoclonal 
antibody was reportedly used in a receptor binding 
assay to compete with the hGH receptor for a peptide 
consisting of residues 98-128 of hGH. Even though 
the peptide 98-128 of the hGH hormone only binds to 
the neutralizing monoclonal antibody, it was proposed 
that this region contains the receptor binding site 
based on these competitive studies. Retegin, L. A., 
et al. (1982) Endocrin ol octv 111, 668. 

Similar approaches have been used in attempts to 
identify antigenic sites on the hGH hormone. Epitope 
mapping of twenty-seven different monoclonal 
antibodies to hGH by competitive binding reportedly 
resolved only four different antigenic sites on the 
hormone. Surowy, T. K. , et al. (1984) MoT. Immunol, 
21. 345; Aston, R. , et al. (1985) Pharmac. Ther. 27, 



403. This strategy, however, did not locate the 
epitopes 1 on the amino acid sequence- -of the hormone . 

^Another approach to defining antigenic sites has been 
to test the binding of antibodies to short linear 
5 peptides over the protein ; of interest. Gey sen, H. 

: %^et al. 'MQaii- p-rnn. • Watlf^-^^ri^Sci. USA .81, 
3998; Gey sen', Kl-VtP (1985) TrnmUTtblV' Today- '6, 364 . 
" However, this appfoach^suf f ers^ -from' ' the - ; same 
limitations of using "linear peptide fragments to 
10 locate receptor binding sites. To be useful, the 

linear sequence must be capable of adopting the 
* conformation found in- the -ant igeii" for the antibody to 
^&88&m> ; ±*:^TvLr&er^g, ^aseH^ upon' -the known- size 
3t^g f ^^ib^y' 3 epi1&p 

Amit, A. G., et al. (1986) Science 233, 747) it has 
■ " ' btkh ^imated ; that virtually : a3£" antibody - combining 
sites must be, in part, discontinuous (Barlow, D. J., 
" : et al. (1986) . Nature 322 . 747) and "as a result linear 
2 0 fragments may not adequately mimic such structure. 

Peptide fragments from hGH have also been studied by 
non-covalently combining such fragments. Thus, 
several investigators have reported the analysis of 
the combination of relatively large fragments of 

25 human growth hormone comprising either the natural 

amino acid sequence or chemically modified peptides 
thereof. Burstein, S., et al. (1979) J. of Endo. 
Met. 48 . 964 (amino terminal fragment hGH- (1-134) 
combined with carboxyl-terminal fragment hGH- (141- 

30 191)); Li, C. H., et al. (1982) MoT . Cell. Biochem., 

46 31? Mills, J. B., et al. (1980) Endocrinology 1QZ, 
391 (subtilisin-cleaved two-chain form of hGH) . 



Similarly, the chemically modified fragment 
hGH^( 1^134 and;,, a- -chemically modified . carboxy- 
t e r m i n a 1 fragment - from human- chorionic 
■ ?i somatomammotropin, : (also balled placental lactogen) , 
5 (hCS- (141-191) ) , have been non-covalently combined, 

as have, the; chemically modified fragments hCS- (1-133) 
" : ande /hGH^fcU 1-191)4 ^ • 5 • Patent 4,189,426. These 
t^JinvestLig^ incorrectly* that^ the 

determinants for binding to the hepatic : growth 
10 hormone receptor are in the first 134 aroiho- 

terminal residues of growth hormone (Burstein, et ai; 
(1978) Proc. Natl. Acad, Sci. USA 75 . 5391-5394) . 
-Clearly, such techniques are subject to r .erroneous 
- :jl results . ^Moreover , by 'Utilizing two ^large , t f ragments 
15 ^' this technique is^gnly ii: gptej^ially able tp : . ^QcaLlize• 
Y J - ^ the function to .one?; or?, the^pther -of the * two ^fragments 
v^ei InWsuch combinajfelons without J^nt|^i^||^^n of 
the specific residues jor regions actively ii^y;oiyied in 
a particular interaction. A review of some of the 
2 0 ' - - above techniques^ and, : experiments on hGH . has, been 
published. Nichol, -C. S., et al. (1986) Endocrine 
Rev. 2, 169-203. 

An alternative approach has been reported wherein a 7 
residue peptide fragment from the "deletion peptide" 

25 of hGH (hGH-32-4 6) was modified to contain amino acid 

residues from analogous segments of growth hormone 
from other mammalian species. The effect, if any, of 
such substitutions, however, were not reported. See 
U.S. Patent 4,699,897. Nonetheless, the shortcomings 

30 of the use of short peptide fragments are apparent 

since the linear sequence of such fragments must be 
capable of adopting the conformation found in the 
intact growth hormone so that it may be recognized 
in an in vitro or in vivo assay. 
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A number of naturally occurring mutants of; hGH have 
been identified-. These include hGH-V (Seeber.g> ; P-i H. 
(1982) DNA' 1 - 1, 239; U.S. Pat. Nos. 4,446,235, 
4,670,393 and 4V665, 180) and 20K hGH containing a 
5 deletion of residues 32-46 of hGH (Kostyo, J. L. , et 

■ al. (i987) -Biocheinica efe Biophvsica . Aetat a 5^ - ; 314 ; 
: LeWis, U." - Jy/ ygst al.;' "(1978V J. r Biol ^ Chero;. 253 . 
' 2679). • .<?v^t r ,:-- . 

One investigator has reported the substitution of 
10 cysteine at position 165 in hGH with alanine to 

disrupt the .disulfide bond which normally, .exists 
^'""''^''"ife^yee^'^s-S#\.^d*^Si™a6!3 < . , i *Tokunaga , , T>- > et al . 
(1985) Eur; : Bidchem.. 153. 445>.. : This. single 

... ^ r ^''' s ^s:tx£u^^^ thatfe, r, apparently. > 

.. ' : • :1S - • * .J "rlgt'l^li^^l^ ; ^Ji^i^'r^^t^qt^«i . . jagumMfy. : .was^ 
- ?v ";1r^^ -x-iii" 

Another investigator has reported _the in vitro 
synthesis of hGH on a solid resin support. The first 
report by this investigator disclosed an incorrect 

20 188 amino acid sequence for hGH. Li, C. H., et al. 

( 1966 ) J. Am. Chem. Soc. 88 . 2050; and U.S. Pat. No. 
3,853,832. A second report disclosed a 190 amino 
Q acid sequence. U.S. Pat. No. 3,853,833. This latter 

sequence is also incorrect. In particular, hGH has 

25 an additional glutamine after position 68, a glutamic 

acid rather than glutamine at position 73, an 
aspartic acid rather than asparagine at position 106 
and an asparagine rather than aspartic acid at 
position 108. 

30 in addition to the foregoizng, hybrid interferons 

have been reported which have altered binding to a 
Particular monoclonal antibody. Camble, r. et. al . 
Properties of Interferon-a2 Analogues Produced from 



Sviit h e tic Ge nes ' in Peptides:- Structure and ? Function , 
Proceedings' of the Ninth American Peptide Symposium, 
(1985) eds. Deber et. al . , : Pierce*. Chemi cal . } Go. , 
Chicago, 111., pp .375-384 . As disclosed therein, 
amino acid residues 101-114 ^ f rom: : a-1 interferon or 
r> * l fes i3ufe s £ 9 8 - 1 1 4 " from ' . : j~Trimtf1k%ono 

into a-2 interferon. a-2 interferon ^birids^NK-2 
monoclonal antibody whereas a-± interferon does not. 
This particular region in a-2 interferon apparently 
was chosen because 7 of the 27 amino, acid 
differences between a -1 and a -2 interferon were 
Ideated in this region. The hybrids so obtained 
- c reportedly ' bad substiaiiti'alXy^ reduced^ Activity- -with 
JtK-2 monoclonal antibody. -When tested for .antiviral 
--;a£t ivity > r -l such hybrids^ ^ demcfest ratefd ^^^^anl^mraX 
act^vily^^^par ■- : with-tB , 6'i actd^it#^bf 'P&%^..;^^^-^^; 
interferon. Substitutions of smaller -seditions J^i^hih ; 
these regions were also reported. \ Sequential 
substitution of clusters of * 3 ^^ 

was also proposed. However, only one analogue [Ala- 
30,32,33] IFN-a2 is disclosed. 

Alanine substitution within a small peptide fragment 
of hen egg-white lysozyroe and the effect of such 
substitutions on the stimulation of 2A11 or 3A9 cells 
has also been reported. Allen, P. M. , et. al. (1987) 
Nature 327,713-715. 

Others have reported that binding properties can be 
engineered by replacement of entire units of 
secondary structure units including antigen binding 
loops (Jones, P.T., et al. (1986) Nature 321 . 
522-525) or DNA recognition helices (Wharton, R.P. , 
et al. (1985) Nature 316, 601-605) . 



The references discussed above are. provided..- solely 
for their disclosure prior to the filing date of the 
present application, and nothing .herein is to be 
construed as an admission that the inventors are not 
entitled to antedate such disclosure by virtue, of 
prior invention or -priority ..based { pn A , earlier; .filed 
applications w ; , . . 

Given the state of the art as exemplified by. • the 
above references, it is apparent that a need exists' 
for, a useful method for the systematic analysis of 
•polypeptides so as to ascertain the relationship 
^between; ; strurt^ 

.object herein to provide such methqds to identify 
iactive . domains,,., within, the r :; .pplypepti4e, ^ which 
^•C^ril|utei^^^ 

•polypeptide. r , / • *rA< ■ V ^;•^:,.v...v. 1 ^p'^'^.' : ; V V- ■ ■ 

It^is a further ob j.ect. herein, to provide methods for 
determining the active amino acid residues which 
determine functional activity. 

A further object of the invention is to provide 
methods for systematically identifying the 
biologically active domains in a polypeptide. 

Further, it is an object herein to provide hormone 
variants having desirable biological, biochemical and 
immunogenic properties which are different as 
compared to the same properties of the hormone from 
which such variants are derived. 



Still £ iirther-: it -is" : an:- object —herein to r groyide 
J hormone variants- shaving diminished /acti^ty :cK4^£b one 
; biol ogi dal f unct idri and;- substantial^ pr ;: .increased 
activity with a isfecond target substance. 

9^±ii^4nxtMdt: it^is; mwiobj&cts her@inr^o-.i^vix|e hGH 
r "variants *avin^ modified; bindin^^and/on^bj:plogical 
' activity wi&li^fch^ >.f or hGH and 

increased- potency.- ^ , -I - - 

Still further it is an object herein to provide hGH 
variants" whicK ^ retain v one ; or ; mpre ; - desirable 
Biological pr<o|>'e r rties. but which also have .decreased 
diabetogenic activity, cr-ti ;:^^ ■ . :( 

fj&^^ ob^ect^ere^^ hgl^ and cl 

Further, it is an object herein to provide DNA 
sequences, vectors and expression hosts containing 
such vectors for the cloning and expression of 
polypeptide variants including hGH variants. 

Summary of the Invention 

In one aspect, the invention provides methods for the 
systematic analysis of the structure and function of 
polypeptides by identifying unknown active domains 
which influence the activity of the polypeptide with 
a first target substance* Such unknown active- 
domains in one aspect of the invention may comprise 
at least two discontinuous amino acid segments in the 
primary amino acid sequence of the polypeptide. Active 
domains are determined by substituting selected amino 
acid segments of the polypeptide (referred to as the 
parent polypeptide) with an analogous amino acid 



ifteiil#- : ,:-y " - ^CV ^dm^^ 
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segment E «m 'an analog,--to, the. "~ 
Analog ^ has a different activity With 
substance as compared to the parent polypeptide, ., The 
segment-substituted . polypeptides , so, f.orme^ . are 
assayed to determine the activity of each of the 
segment-substituted, .polypeptides, wi^v^e ;^9*t 
suLtance. Such activities are compared -to- -the same 
activity for the parent .polypeptide, Sine?, the 
structurally analogous amino^ 
obtained from an analog that has 
interaction with the target substance , a . comparison 
■ of' such activities provides, an indication of the 
- 16 cation of -the active, -domain , i*,-*^ parent 
polypeptide. 



■ 15 ^thomfurther^omprises: i*n^f y tnSft^^?^: ; 

- • amino acid- residues within -the. active-.domain of the 
parent polypeptide , . The,- method 
substituting a scanning amino acid for one, of the 
amino acid residues within the active -domain of the 
parent polypeptide and assaying the 
substituted polypeptide so formed with a target 
substance. The activity of each of the residue- 
substituted polypeptides is compared to the same 
activity of the parent polypeptide These 
5 25 repeated for different amino acids in the active 

domain until the active amino acid residues are 
identified. 

in another aspect, the invention provides methods to 
identify different active domains and active amino 
30 acid residues for different target substances. Such 

methods comprise repeating the foregoing methods with 

a second target* 
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t>" .,-rv:.c : ..^i'- n., • *oVeaoinq method,' polypeptide 

.. In accordance with the foregoing ^ dif ^v ent 

" ^*T^ S are identified which have a ux 
. variants are xa. ;{ r .. . ..v. substance " as 

' >r.*ivitv with, one or more targe-c * 
activity .-V a-fi .• • ••' such variants are 

■~ compared to a parent polypeptide. Such 

5 pro Led based on the 

substance . 

^ .n^nrises qrowth hormone, 
10 The invention ^rther variants comprising 

prolactin, and placental lactogen first pbrtion 

t at least three portions. The fir / . 

'„ \~ «t least a part of the amino ,acid 
' ;,^5 r ^SMi,^ ^ third potion 

' ■ ■ ■^•nc«,;fi^.^RaW^^.^*^o^if. — ^^feast 

: S.S-*w^t;s ! . s : jiO.„,/wr l & ) « •••••-w add sequence of . at ,1^. w 

. analog *o the parent *?r»ono. * e , «,e parent 

analogous to those amino .cxd anfl - thlrd 

hormone not contained between the first 
portions of the polypeptide variant. 

T he invention also includes specific *£»J££ 

hormone human - ££i£7£ residue- 

variants comprising segment-substiru 

substituted variants of hGH. 

Br^f-Desc^pti ^ f Prawin ^ 
Fig. 1 depicts the strategy used to identify 

domains * 

Fi g. 2 shows the conserved and variable amino acid 
Ie S idues amongst the amino acid secuences of hGH, 
hPL, pGH and hPRL. 



Fig, .3 shows the putative low resolution structure of 
hGH and helical wheel, projections viewed from the' N- 
terminal f start 7 res idue for each hel ix. Hydrophobic , 
neutral ancl cfiarge.d. residues are indicated by O, e 
and • symbols, respectively. 



Fig ." ,4 i,ki a "bar^'^aplTl^w^K^'iiJie' ' reiatiye ir 
in ' binding, , pf ' " various segmeht-subst'ituted hGH 



variants to lAe a soiubXe hGH receptor 



Fig. 5 depicts the analogous amino acids in the 
active domains A, C and F which interact with the 
somatogenic hGH receptor. 

Fig. 6 depicts" the relative binding positions of the 
somatogenic receptor and eight monoclonal antibodies 



to hGH. , 



Fig,. 1*7 is a bar graph showing the relative increase 
or decrease in : binding to the soluble hGH somatogenic 
receptor for various alanine-substituted hGH 
variants. The stippled bar at T175 indicates that 
serine rather than alanine is substituted. The 
broken bar at R178 indicates that asparagine rather 
than alanine is substituted. 

Fig. 8 depicts the DNA and amino acid sequence of the 
hGH gene used in the examples. 

Fig. 9 depicts the construction of vector pB0475 
which contains a synthetic hGH gene. 

Fig. 10 is the DNA sequence of pB0475 showing the 
amino acid sequence for hGH. 



Fig. 11 depicts the construction of vector pJ1446. 



~ SX -17- 

^ Ei >ig. 12 Is u t£e DNr^g^nde ^for ^1446^ showing the 
""amino; acil sequence for the soluble portion of the 
somatogenic 'receptor from liver. 

Figs. 13 through 20 depict the epitope binding sites 
5 ^ on hGH for^cT ^x-^eigKt- ~ai*fer^nt .--monoclonal 
antibodies. _ t ^ ' . , ;U ' ; >.. 

Fig. 21 shows the active amino ' acids involved in 
binding to the somatogenic receptor in hGH and 
:s helical wheel projections f or helices-1 and 4. 
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Flg.^sho^ ttit ra¥^ighfe : '§aih^e^ ^e^fo* hGH 
and tlH^^aSim ^dmiiii^red ^af 50 

*™ V %$: x .h ts^a stmtlof plot^ W ri^Ve^s potency * 
''" 'for hGH variants as'compared to wild-type hGH. ' 

Fig. 24. Competitive binding curves of [ 125 I]hGH and 
cold hGH to the hGH binding protein isolated from 
either human serum (O) or from E. coli , KS330 cultures 
expressing the plasmid phGHr(l-238) (•) - Bars 
represent standard deviations from the mean. Inset 
shows Scatchard plots that were derived from the 
competitive binding curves. The concentrations of 
the binding protein from human serum and E. coll were 
0.1 and 0.08 nM, respectively. 

Fig. 25. Structural model of hGH based on a folding 
diagram for pGH determined from a 2.8 A resolution 
X-ray structure. Panel A shows a functional contour 
map of the hGH receptor epitope and Panel B shows 
that determined here for the hPRL receptor epitope. 
The size of the closed circles corresponds to the 
magnitude of the disruptive effect for alanine 



... . -18- . 

^ ,,. substitution- at ..these. residue^. ; The small circles 
~ J, represent'' v > 2-fold ^sVdption ' whenever the larger 
circles represent > 10-f ©^disruption. The A in the 
hGH receptor epitope (Panel A) represents the 

5 . -position, of. E174A that „ .causes greater than a 

* .< four-fold increase in Jaindi^g affinity. .. 

'rig. 26. Plasmid diagram of pB0766 used' for 
....■> intracellular expression of hPRL in E. coli ,. 

Fig. . 27 .. Location of residues in hGH that strongly 
10 modulate its binding to the hGH binding protein. 

O ^ J^anine^s^^ V 

case pf, ^ .pr; R178, r f ^ctively) ?r .are indicated . 

. . ■ • that cause more than a 10-iold T^tt^Wj^- to 
10-fold reduction (■), or more than a 4-fold increase 

in ^regions of « -helix,, reveal their amphipathic 

* ^lity' 'and the fact' that "in "helix 4 the most 
important determinants are on . its hydrophilic face 
(shaded) . 

20 Fig. 28. Circular dichroic spectra in the far UV 

(Panel A) or near UV (Panel B) . of hGH (-) , wild-type 

hPRL ( — ) and hPRL variant D ( ) (see 

Table XXIII) . 

Fig. 29. sequence comparison of hGH and hPRL in 
25 regions defined by homolpg and alanine scanning 

mutagenesis tc be impprtant fpr binding. Identical 
residues are shaded and the numbering is based on the 
hGH sequence. Residues are circled that when mutated 
cause more than a 4-fold change in binding affinity. 
30 Asterisks above residues indicate sites at which 

mutations cause a 2- to 4-fold reduction in binding 
affinity. 
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in one embodiment, the method of the invention 
provides ' ; systematic analysis of apparent 

polypeptide; such as human growth hormone or .human 
5 ' pro&cti^^ti.,dWte^ine one ^ *&&,«Sfiv« domains^ 
^%te'^aiypep^W*at" are iflv6l«e^no*he interaction 
^lof^^e parent.; polypeptide with ^target substance. 
: T6 :J e^ioy^the method of the invention, one or more 
analogs to ^he polypeptide of interest must exxst 
which exhibits a different activity with the target 
: ^substance* of , ; interest . 

^^corotngiyf,SSSS|ed herein/ "parent polypeptidi- ■ 
refers to any polypeptide for which an "analog, 
exists 'mri£;^ a different ^MM . with a ^: 
substance as c^pared to the sax^ ^activity ^-th^ ,- 

^f^pily^^ " ■ 

analogs and target substances are shown in Table I . 
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TABLE 1 



Parent: 1 
Pnl ypepfride - 

Human growth 
hormone 



Analog 



Human placenta 
.lactogen , human 
:iri and ~" 



. , ; Target ^r Assay 
' Contai ^^p; Target 

iatii to-.. r^hsvc 



L^orcine r 
hormone 



Rabbit ? 
receptor 



Receptors for somatogenic, 
lactogenic, diabetogenic; 

activation and insulin- HKe 
v c f ^a:s • hGH:; rat? tibia 
- as;sa^, ^t t weight gain 

as s ay » insulin" resistance , . 
assay in OB/OB mice or dog, - 
receptors; on human liver , 
adipose, lymphocytes, 
< thymociy tel * and" ; ovary tissue 

Binding to human prolactin 
&^ r£ce#t:br " * Y ^Pn«vSsra*»v 



Human. GH 



Binding to rabbxt GH7 



^interferon -Related human „ Binding to ctl ^rferon 

- v ■ ■ -a animal., •interf erons . :p^^£^ : 



human TGF-/?2 
or inhibins 



human tissue 
growth factor 
(TGF-£i> 

Epidermal growth 
factor (EGF) 

Mouse Tissue 
Necrosis 
Factor (mTNF) 

human granulocyte mouse granulocyte 
macrophage colony macrophage colony 



TGF-cr 



Human Tissue 
Necrosis 
Factor (hTNF) 



"sis' 



stimulating 
factor (hGMCSF) 

human CD -4 
receptor 

Subtilisin 
Bacillus 

Amvlil g ulf aciens 



stimulating 
factor (hGMCSF) 

mouse CD -4 
receptor 

Subtilisin 
Bacillus 
lichen* formis 



Human hemopoietic cell 
growth modulation 



Carotinocyte proliferation 



Mouse TNF receptor 
activity 

Growth and differentiation 
of human bone marrow stem 
cells 



gp-120 from HIV virus 



succinyl - ala- ala-pro - glu- 
P-Nitroanilyd 



• W@ 90/047.88?' : 
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T&TVLE I 

(continued) 



Parent 
Polypeptide 

human 

1 -interferon 

Insulin growth 
..factor: (IGF- 1) 

Tissue 
Plasminogen 
Activator (tPA) 



Analog 



Target .or Assay 
nrmtaini' np; Target. 



Related human 
interferons and 
animal interferon's , 
,3 e.g.:, from mouse , 

Insulin 



Trypsin urokinase 



Activation of human 
interferon receptor 



IGF- 1 receptor growth 
growth modulation .receptor 

Plasminogen (cleavage) 
fibrin (binding) 
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The parent polypeptides, analogs and target 
substances in Table I, of course, are exemplary only. 
. jpa^nt polypeptides . also ; jK^^ 
: »aV«iV^ .or { «»ore, subunits, e. 3 . 

sucqinyl coenzyme A syntlietase, .biw™ ■ * 
aminoacyl ' I^RNA . ^nthetafe, ^ glutalne. synthetase 
gly.ceraldehyde-3 -phosphate ; dehydrogenase and 
' aspartate transcarbamolase (see, Huang, et al. 
(19 82), — Biochem-. fifc 935-971) . In such 

aulti-subunit parent polypeptides, active domains may 
span the two or more subunits of the parent 
polypeptide. Accordingly, the methods as described 
in more detail hereinafter can be used to probe each 
of the subunits of a particular polypeptide to 
ascertain the active domain and active amino acid 
residues for a particular target which may be 
partially contained on one subunit and partially on 
one or more other subunits. 

The parental polypeptide and analog typically belong 
to a family of polypeptides which have related 
functions. Moreover, such parental polypeptides and 
analogs ordinarily will have some amino acid 
sequence identity, i.e., conserved residues. Such 



sequence homology may be as high as 90% but may range 
as low as about 15% to 20%. ' 

In addition : to primary sequence Homology, an analog 
to a parent polypeptide may be def ined by the three- 
dimensional frame work ^ of • - the i polypeptide and: 
analog.- Thus> an analog may, be divergent: from a 
-parent - •• polypeptide in amino acid sequence but 
structurally, homologous to the parent polypeptide 
based on a comparison of all, or part, of the 
tertiary structure of the molecules. Chothia, C. , et 
al. (1986) Embo. J. 5, 823. 



-i r. --' 



In general T tertiary' analogs; can be 'identified if 
^Ihe^^ee-dime^ " of a possibW analog 

i ■ is ^ known" • tbgetlier : - . ^Ltjt^'t * al'^of : A ^^aren*..; . 
. pol^eptidWr By perf6fming ;a;.;;r6bt:^^::;Squared - 
'differenced 1*MsT" 'ala^sis of • '^carbon 
coordinates , (e . g^V ; Sutclif fe , M. JV, et al. (1987) 
Protein Engineering 1, 377-384), the superposition 
of regions having tertiary analog y, if any, are 
identified. If the a -carbon coordinates overlap or 
are within about 2k to about 3.5A EMS for preferably 
about 60% or more of the sequence of the test analog 
relative to the o-carbon coordinates for the parent 
polypeptide, the test analog is a tertiary analog to 
the parent polypeptide. This, of course, would 
exclude any insertions or deletions which may exist 
between the two sequences. 

Although the above parent polypeptide and analogs 
disclose naturally occurring molecules, it is to be 
understood that parent polypeptides and analogs may 
comprise variants of such sequences including 
naturally occurring variants and variations in such 
sequences introduced by in vitro recombinant 



' ^methods . • Variants used as ,, parent ; ,^ly?ep£ides °r 
analogs thus may comprise variants containing, the 
'substitution, insertion and/or deletion of : .one or 

, more amino, acid residues in the parent polypeptide or - 

I, .analog. , Such'ivar^ thS; 
7 methods , of e the. - t inventiqn ; to ident if y- acfclv^. ^Jopa ins 
. and/or amino, ..acids, or to-, prepare . ? the polypeptide 
variants of the invention. Thus, the. naturally 
occurring variants of hGH or the recombinants 
... produced variant containing the substitution of Cys- 
165 with Ala may^be used as parent^ polypeptide or an 
vjanato.s^^^ ^^teff th a 

-target. Such naturally occurring -and : recombinantly 
r/ ,^produced J variants ^y^:Con$^^n or di^f erent,,^^ acid 
' '^residues, which: are^iY^ent^tSfc spjfif^ ^M&f**?^ 
^ah^r,, parent, . P9^e$i%,^ ■ SPSfc- ^f? e ^-, ainino ' 
acids are^eq^iy^ent; , if such,, residues are 
. . : - structurally.. . analogous , by way . of . primary sequence or 
tertiary structure or if they are functionally 
equivalent. 

Further, it should be apparent that many of the 
parent polypeptides and analogs can exchange roles. 
Thus, non-human growth hormones and their related 
family of analogs each can be used as a parent 
polypeptide and homolog to probe for active domains. 
Further, targets such as the CD-4 receptor for the 
HIV virus, may be used as a parent polypeptide with 
analog CD-4 receptors to identify active domains and 
amino acids responsible for binding HIV and to make 
CD-4 variants. 

As used herein, a -target" is a substance which 
interacts with a parent polypeptide. Targets 
include receptors for proteinaceous hormones, 
substrates for enzymes, hormones for proteinaceous 



receptors, generally any ligand for a proteinaceous 
^SiAaing^^rotexn 1 x : and Hiimiune v s£y£tems whfch r may be 
exposed :: 't6 the : polypeptides . ^ Examples of hormone 
receptofs ' include " the somatogenic and lactogenic 
receptors? for hGH and the receptor f or hPRL. Other , 
^argety 7 : ^ci\id^^ antra^o^ies f * ihhabltor# of ^proteases / 
; ^ { ^^raohfes ^ 6 that5 r i)ind to :r p^81^inac^ous ^ecfeptbrs and 
: ' c f±£riri *Mbh *&iifdrs ; ' activators 

: Generally v targets interact with parent polypeptides 

- b^ l ' '<^iffcSbting aii^ r "active domain"' ^ on the parent 
^•&ifp&g£Mg. ^^ctf active^ oh 
' : ^ ^ti^" -surf ac6- y: of 5 : the- po'l^e^tad:^ 'or 'are ' broxight-to . the 
-s^fab^^ ■^ay^.b-fV cofif brm'ational 

:^:%SStiSry^^f iid^Srei»^ s^tace^bf ^a.' 

'* for#%^^h^ relevant 
" phy^xol^i!b^i c -v co'nd'ifion^ /^-'fe- ! e^^^ ; -: vivo or- v under 
similar conditions when expressed in vitro. The 
amino acid segments and amino acid residues may be 
ascertained in several ways* If the three 

dimensional crystal structure is known to sufficient 
resolution , the amino acid residues comprising the 
surface of the polypeptide are those which are 
"surface accessible". Such surface accessible 
residues include those which contact a theoretical 
water molecule "rolled" over the surface of the three 
dimensional structure. 
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, v active .domain on,the surface, of . the polypeptide 

r may comprise a- single discrete, segment of .the., .primary 
: - - Xamino - acid; sequence-, of ~ the . polypeptide, ,.In many 
instances, however, the active -domain of - a native 
5 - folded form of a polypeptide , composes-, two, .or more 
•^m^di^continuousr^^ 
e -amino acid sequencer of : .the r parent v polypeptide? For 

* ■ ^example, the active v domain for; human growth,; hormone 
with the somatogenic -receptor is shown in Fig..*5. As 
N 10 indicated, domain A, C andF of the active domain are 

fc. each located on: discontinuous -amino, acid .segments of 

/v. : the hGH molecule.,,- These, amino acid .segments are 
O ^t^^ehtifiedo in -Fig. 4^byr ;the^aetters Ay^^aiid F. 

Discontinuous amino.c.acid;^ .segments whi.ch-,| form an 
IS&zwmB&Xe- domains .aretJs'e#rated&b^a number, pf,..amino acid;.,- . 

-..&rt^l ! g^ n ^^ and s .ifeh^arget. 

- Typically, the separatibn. between idiscontinuous amino 
■ : ■ - acid- segments . is. .usually at. least: about, five amino 
20 acids. 

The methods of the invention are directed to the 
O detection of unknown active domains in the amino acid 

sequence of a parent polypeptide. Except for those 
~) few cases where a three dimensional crystal structure 

25 of a polypeptide with its target are available, e.g. 

the crystal structure of enzymes with inhibitors or 
transition state analogs, most active domains for a 
vast array of polypeptides remain unknown. 

As used herein an "analogous polypeptide segment" or 
30 "analogous segment" refers to an amino acid sequence 



• in- an analog which is. substituted, for the 

' ' 'corresponding -sequence in .. a parent, - polypeptide to 
form a " segment substituted'^ polypeptide" . ■:. . Analogous 
• "segments typically have a sequence which results in 
EP,,v the - substitution, insertion or deletion of , . one or 
' "v.*-* -U >more different - 'amino acid *irmsL&^tfaf&&^V&*tfc ■ ' 
- polypeptide iwhile maintaining: the,. relative va^n acid 
- • -Sequence: of the. other residues -in the,, ^elected 
- segment substituted in- the parent < ; ; In i. general , 
10 analogous segments are identified by aligning the 

; overall amino acid sequence of the parent polypeptide 
^hd analog to maximize, sequence ; . identity ., : ::between 
them. Analogous segments based t on t |^i§^g^q^ence 
; > alignment are chosen for .substi^tionr o^into the 
15 , c corresponding, sequence . of > the parent polypeptide ^. v 
t# : s£milar^y ,.^a^^ 

' ^telfefeiarys h6mbio^\'Can^-be:^deduced^f ^jfeo^^i§£regibns; ' ■ 
lowing structural -homology^ y^Snc^^a^^^^m^^ 
^rel substituted for the. -Corresponding ; .sequences in 
the parent. In addition, other regions in such 
tertiary homologs, e.g., regions flanking the 
structurally analogous region, may be used as 
analogous segments. 

The analogous segment should be selected, if 
25 possible, to avoid the introduction of destabilizing 

amino acid residues into the segment-substituted 
polypeptide. Such substitutions include those which 
introduce bulkier side chains, hydrophilic side 
chains in hydrophobic core regions. 
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Typically, the amino acid sequence of the parent 
polypeptide and analog is known and in some cases 
three-dimensional crystal structures may be 
available. An alignment of the amino acid sequence 
of the parent polypeptide with one or more analogs 



readily "reveals conserved amino acid residues in the 

^sequences in 
^&%vi£ta*n!^*&toi&*t*C c -"Sequence v, .al-ignment will 
•%lso- reveal regiohs^of 1 sequence^ variation rtwhich may 
"include the substitution/ insertion or deletion of 
one or tfore^c-aminoVJacid. ' residues:..- i Those, regions..; 

X in i J t^i 6 pa^n^^may'^be Substituted with 1 san e; analogous : , 
-Wlgrnent ^ ***i88&* substitution of < analogous: s: segment 

substitution of amino acid residues but also in the r 
insertion *hd/or deletion of amino acid residues. 

v'-Ix ^krSS^dlfSSsi6A^L. •• JglJW^^ral-iatofprmation is 
- • available? it*£s possible -to identify regions:, in the 
,pWen€-^^ep^det^h^ch-shoudid- >*©te ,bei. subjected tox 

^afa^fe^ 1 ^ & 'tightly^ ? packed , 

region ih : -'a^^'opHSblc- *acfr-«riitf ^pKiphilic helix 
in the parent polypeptide should not be substituted 
with an analogous segment. Residues identified as 
such should be retained in the polypeptide variant 
and only surface residues substituted with analogous 
residues . 

Generally, analogous segments are 3 to 30 amino acid 
residues in length, preferably about 3 to 15 and 
most preferably about 10 to 15 amino acid residues in 
length. In some instances, the preferred length of 
the analogous segment may be attenuated because of 
the insertion and/or deletion of one or more amino 
acid residues in the analogous segment as compared to 
the homolog or parent polypeptide. If a three 
dimensional structure is unavailable for the parent 
polypeptide, it is generally necessary to form 
segment substituted polypeptides with analogous 



, se'gmentsc -Goyering,: most, -if . not- all/ vOt . : ..the, ^parent 
polypeptide . u • Segment-s.ubs.titutipn , pf , -the .entire 
-;aminor ! aeid- Tsegueip^, -^howeve^, r is. not, ^lways 
necessary. •For: example;. fortuitous, segment- 
. substitutions ■ covering; -only., a .-.portion of the total 

-:C informations ^tM^^^^^^^^^aj^^ 1 ^'!^ ■ a " 
* -particular .target. .. , .Thus,, 5 f or. , : example , . ; 1^e, segment- 
,. substitutionv of c about < : 15%; of the amino acid sequence : 
of the .parent polypeptide . may. provide sufficient 
indication of .the, active domain. In most instances, 
however, substantially more than about 15% of the 
i<.:-kxknm$:&ci&^mM<Wm& ■ .'j*kUL*m&ii .^ment-. ' . 
{; L s^lbsltitutfed-Tato ojiscjej^in athe. active j jV dpma in . 
^<^nerall^^ more ;: . 

^p^&ferabj^^ 
^,a^nq;^^ no 
structural information is .available. 

As used herein, "analogous amino acid residue" or 
"analogous residue" refers to an amino acid residue 
in an analogous segment which is different from the 
corresponding amino acid residue in the corresponding 
segment of a parent polypeptide. Thus, if the 
substitution of an analogous segment results in the 
substitution of one amino acid, that amino acid 
residue is an analogous residue. 

Once the parent polypeptide and one or more analogs 
are identified, the analogous segments from one or 
more of the analogs are substituted for selected 
segments in the parent polypeptide to produce a 
plurality of segment-substituted polypeptides. Such 
substitution is conveniently performed using 
recombinant DNA technology. In general, the DNA 
sequence encoding the parent polypeptide is cloned 
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and, mand-pulated so, that,. it may be expressed in a 
,. ..... , ;j convenient., .host . , .DNA encoding parent., polypeptides 

• can : be. obtained from a genomic library, from cDNA 

derived from mRNA from cells expressing the parent 
5 polypeptide or by synthetically constructing the DNA 

Cloning . Cold , Springs. Harbor Laboratory , Y. ♦,) . 

- The parent DNA is then inserted into an appropriate 
plasmid or vector which is used to transform a host 
iridic; 5 .cell. , r: Prokaryotes ,. are preferred for cloning and. 
fecjp ^«xp^s.^4jag r DNA, u $B«juf^es ;; , .to .;P£°a^ce parent 
livi ^polypeptides , •; { segment ^substituted., polypeptides , 
t Metres i due -substituted,, P^J^ptides r and„ £ polypeptide 
. 'Zn** YWt**tt*. v , For, example,, fi* ^coM" K12 '^^Jg$ \ (ATCC. , .. 
' 15mk£^ .MS- S 3^^^^y s ,b^^e4.|s ■feS^>?;^f*s'^#^ ! ; X ^ 7i( |r- 
b^m^mpcci No. . -31537): ,. .and, a <= ol j- C S?° ?^?^ f1 ' — 

coli W3110 (F_, 7-, prototrophic, ATCC No.; 27325) , 
bacilli such as Bacillus subtilis, and- other' 
enterobacteriaceae such as salmonella typhimurium or 
20 Serratia marcesans , and various pseudomonas species. 

The preferred prokaryote is IL. £°li W3110 (ATCC 
27325). When expressed in prokaryotes the 
polypeptides typically contain an N-terminal 
methionine or a formyl methionine, and are not 
25 glycosilated. These examples are, of course, 

intended to be illustrative rather than limiting. 

In addition to prokaryotes, eukaryotic organisms, 
such as yeast cultures, or cells derived from 
multicellular organism may be used. In principle, 
30 any such cell culture is workable. However, interest 

has been greatest in vertebrate cells, and 
propagation of vertebrate cells in culture (tissue 
culture) has become a repeatable procedure ( Tissue 
Culture . Academic Press, Kruse and Patterson, 
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edl-eors (1973) ) . J - Examples of such useful- host cell 
* " ' "' fines -are VERO arid 1 HeLa eel Is , Chinese ■ Hamster Ovary 
(CHO) ceil lines, 'Wi38 , BHK, COS -7 ; and MDGK cell 
lines. 



5 ^^-in :; genera^/ r pias^id^vec&rs- fco^ining-'repiiication ' 
and ' ebntroi ' ie^nce^'^ch '-arel derived A^toifrJspecies 
compatible with the host cell are used in connection 
with these hosts. '" The vector ordinarily' carries a 
' replication site, as weil as sequences which encode 
Id -proteins that are capable of providing phenotypic 
i;;;& 'f sq selfettl8ii%n %tanifSrm^-cells'. v ' 1 ''For^ exaiiqsiev £^ SSill 

^:fro9f- art'll c|S^ ; speB£ei£ ' (riandeS j- -'Mi-- et (197 0 ) J. 



: |S£vtdls >:S eWsV :s means -for - ; selection. ■ A 1 - preferred 
; ' yec t or is PB0475 * • See Example 1. This, vector 
contains origins of replication for phage "and E^. coli 
which allow it to be shuttled between such hosts 
20 thereby facilitating mutagenesis and expression. 

"Expression vector" refers to DNA construct 
containing a DNA sequence which is operably linked to 
a suitable control sequence capable of effecting the 
expression of said DNA in a suitable host. Such 
25 control sequences include a promoter to effect 

transcription, an optional operator sequence to 
control such transcription, a sequence encoding 
suitable mRNA ribosome binding sites, and sequences 
which control termination of transcription and 
30 translation. The vector may be a plasmid, a phage 

particle, or simply a potential genomic insert, once 
transformed into a suitable host, the vector may 
replicate and function' independently of the host 
genome, or may, in some instances, integrate into the 
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." : genome . . itself . , "l In "the ; present salification 
. .. plaS mid« ■ and. . ..vector" are /sometimes used 
'interchangeably; .as the plasmid is f the most commonly 
used" form of Sector at present. However, the 
5 . invention- is intended to „ include . such other fops of 

•^ii(PB; fr v^i : ;^^* ecpi^en^ ..functions , 
.,: ,,,and\which are;,.. or, become f ; lmpwp^in^^art ? 

" ^perably linked" when describing" the ' relationship 
between two DNA or polypeptide regions simply means 
10 that they are functionally related to, each other 

For example, a presequence is operably linked to a 

O ....1 , ,„i^ - it. ,f unions " ,as^a, jig^al ^sequence, 

' . .participating: in^he ; secretio^of ^ mature form of 

" : the sequence; . a ribosome binding ^ite; is operably 
" linked to a coding sequence if. it is positioned so as ., 
to permit translation- 

20 Once the parent polypeptide is cloned, site specific 

O mu tagenesis (Carter, P., et al. (1986) H-i^i 

R es. 13, 4331; Zoller, M. J., et al. (1982) Nucl, 
*,vM s Res. 10, 6487), cassette mutagenesis (Wells, J. 
A., et al. (1985) Gens 34, 315), restriction 
25 selection mutagenesis (Wells, J. A., et al. (1986) 

Tran, » ^- ^™ SerA 415) °* 

other known techniques may be performed on the cloned 
parent DNA to produce "segment-substituted DNA 
sequences" which encode for the changes in amino acid 
30 sequence defined by the analogous segment being 

substituted. When operably linked to an appropriate 
expression vector, segment-substituted polypeptides 
are obtained. In some cases, recovery of the parent 
polypeptide or segment-modified polypeptide may be 
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.^facilitated by expressing and secreting such* 
' [ " r iolVcniies from 'the " expression f host by use" of an 
V appropriate' signal sequence operably lirilced to the 
DNA sequence encoding the parent' pbi^e^tide or 
segment-modified polypeptide. Such methods are well- 
/jj ; ;known to those skilled in the r af t . ' Of course; other •'- 
methods may be employed^ to produce such" polypeptides 
and seipien^s^sti^ In t 

vitro chemical synthesis of the desired polypeptide 
? T ^ (B^rany, G. , et al. (1979) in The Peptides (eds> E. _ * 

Gross and J. Meienhofer) Acad. Press/ N. Y. r Vol. 2, 
pp. 3-254) . 



Once the different segment-substituted -polypeptides 

. ^ for 

■ ^h^^c^i^es- are ' 

: ■ : . compared " to the activity of the parent polypeptide 
:>y ^w^- -the same target- If the " analog "has a 
20 substantially altered activity with the target as 

compared to the parent polypeptide, those segment- 
substituted polypeptides which have altered activity 
with the target presumptively contain analogous 
segments which define the active domain in the parent 
25 polypeptide. 

If the analog has an activity with the target which 
is greater than that of the parent polypeptide , one 
or more of the segment-substituted polypeptides may 
demonstrate an increased activity with that target 
30 substance. Such a result would , in effect, identify 

an active domain in the analog and an appropriate 
region in the parent polypeptide which can be 
modified to enhance its activity with that target 
substance* Such an event is most likely when the 
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region in the analog responsible for the target 

* 'Interaction r S - >cbritairi^d primarily: within, one 
■ -continuous kminb -afcid- segment.: - .the: v» active 

domains" of the analog comprise, discontinuous 
- regions -in the - amino^ • acid , S equence^of .the. analog, 

^^ede^s ^fes£ of 

"... SU ch enhanced' .r^^i^siwultarieou^ 
introduction of all active domains from the analog 
into the segment-substituted polypeptide. 

- Accordingly^ 'is preferred ^hat,:the: analog have an 
m ^WivW ^m^tgieto re%sxthah^:that for 
%e • iiariht- polypeptide^' ^ In ? this ' manner, a loss in 

* activity i^^observeli ^lfc- the" ! " se-gmeht-substituted 

' - ^ y ; be ; -as ^-analog to- segue-ntial/ly or 

simultaneously ' substituted such active ^domains' into a 
second parent polypeptide which lacks activity with 
20 the target for the first parent polypeptide. 

^ Active domains in polypeptides are identified by 

comparing the activity of the segment-substituted 
> polypeptide with a target with the activity of the 

parent polypeptide. Any number of analytical 
measurements may be used but a convenient one for 
non-catalytic binding of target is the dissociation 
constant Kd of the complex formed between the 
segment-substituted polypeptide and target as 
compared to the Kd for the parent. An increase or 
decrease in Kd of about 1.5 and preferably about 2.0 
per analogous residue-substituted by the segment- 
substitution indicates that the segment substituted 
is an active domain in the interaction of the parent 
polypeptide with the target. 
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in the case of catalytic interaction with a target, a 
suitable parameter tQ, measure .activity relative to 
the parent enzyme is to compare the ratios of 
kcat/Km. . An increase pr. decrease in, kcat/Km relative 
; to the; parents enzyme of r about J.,5fand pj;efera^y 2.0 
Kper-ranalpgpus^^ ^i.ca^s £ that an 

. active .domain/ -has ..been ,#ubst^tut££. ^-^/i/- ., ? , ; _ 

As used herein, a "scanning amino acid" is an amino 
acid used to identify active amino acids within a 
parents polypeptide^ ,A ^ rescuer fu^stituted 

c polypeptide^ m *oVRmm^m r i®& ^^M ng ; at 
..least .^single. x substitution ^of^an^amino :f acid^ the 

parent- -polypeptide with ;a 3V sj=anning 4 am^9 v acid. .. 
■ r ^residue*sUbs^itHted,. i IftJA ^^S^^: 

t: substituteji po.lmepti.de. , ^^ujh. : ^c^ypeptide' v 
sequences may be prepared as described for the 
preparation. - of segment-substituted DNA and 

polypeptides. . 

The "active amino acid residue" identified by the 
amino acid scan is typically one that contacts the 
target directly. However, active amino acids may 
also indirectly contact the target through salt 
bridges formed with other residues or small molecules 
such as H 2 0 or ionic species such as Na + , Ca+ 2 , Hg + 
or Zn +2 . 

In some cases, the scanning amino acid is 
substituted for an amino acid identified in an active 
domain of the parent polypeptide. Typically, a 
plurality of residue-substituted polypeptides are 
prepared, each containing the single substitution of 
the scanning amino acid at a different amino acid 
residue within the active domain. The activities of 
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such residue-substitiited polypeptides , "with a 
particular target substance are compared to the 
activity of the parent polypeptide-' to determine- which 
of the amino acid residues in the active domam are 
5 involved in the interaction with the target 

- substance. The scanning amino; acid; used in such an 
analysis may be any dif f ereht ^amiho acid from that 

- substituted, LeStahy ^ of '^S^ other naturally 
occurring amino acids. 

TABUS IX 

; /v-.s ■■ ■ - /.U isosteric 

• - . - polypeptide^- : A " fanning . ' . . 

. ^ino Acid ' ^;^ ;2^ ,no 1 

t*. ' A1 ;-•?>*■■.■. ' to'tift^i:i-^si§er, Gly 

1. Gl " '■. :.&ti&(&J.*£tn&s:&.n, Asp ; , - 

Gl -.^T'. -' :V ' nfjs^jEsh, csiu .. ■:, . ' 

$ Asp V.- ^^svfen/Glu . - 

r: Asn . Aln, Asp. 

- ' ^ ■ « et ' ... 

; Gl Pro, Ala 

Lvs Met ' Arg 

SeJ Thr, Ala 

vtl Ile ' Thr 

Arq Ly s » Met, Asn 

Tn J Ser, Val 

-p-f-Q Gly 

xie Met, Leu, Val 

Met M 
Phe jyr 
Tvr Phe 

Cvs Ser ' Ala 

TrS ^e 

His Asn ' Gln 
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This table uses the 
acid : 

Amino Acid 
or residue 
thereof 



following symbols, for each, amino 



Glutamine : 

Aspartate . 
: AsparVgind ' ^ 

Leucine 

Glycine 

Lysine 

Serine 

Valine 
: Arginine 
.• .Threonine 
, Proline 

Isbleucine 

Methionine 
Phenylalanine 
-.Tyrosine 



Tryptophan 
Histidirie 



3 -letter 
symbol .'_ 

Ala 

Gin 

Asp . 

Asn ! ■ • ' " : 

Leu 

Gly 

Lys 

Ser 

Val 

Arg 

'■■ Thr. ?C :^V'<; 

Pro ■ , 

lie — 

Met ; . g: , r A . . 

. phe . ■■ .-. 

'- Tyr \"y\zfy'"-' ■ 

CyS : r '^i- u 
Trp ' ■ 
His ■ V-'v 



1-] 

symbol 



A 

D 

L 
G 
K 
S 
V 
R 
■ ■, T 
P 

' I ' 
M 
F 
. - Y 
C 
W 
H 
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Most preferably, the scanning amino acid is the same 
for each residue substituted polypeptide so that the 
effect, if any, on the activity of the residue- 
substituted polypeptides can be systematically 
attributed to the change from the naturally occurring 
amino acid residue to a uniform scanning amino acid 
residue. 

In some cases, the substitution of a scanning amino 
acid at one or more residues results in a residue- 
substituted polypeptide which is not expressed at 
levels which allow for the isolation of quantities 
sufficient to carry out analysis of its activity with 
a target. In such cases, a different scanning amino 
acid, preferably an isosteric amino acid, can be 
used. 



CO 



The most preferred scanning amino acids are 

relatively small,,. neutral amino acids. ,Such amino 
..acida^inciude alanine^ glycine, serine,.. and^fteine. • 

Alanine ,1s the preferred scanning amino acid among 
.this C; .grpup , because it eliminates. • the , sj^e-chain 

beyond! the beta-carbon and is z lf f^^^ollB • * 11:er 5 . 

the main-chain conformation of the residue- 
^subst^ted; polypeptide^, AiLan^ne Gf is iC ^l§9 i ^f erred; 

because; it v ._-is the most common amino acid. further, 

it is frequently found in both :. buried, and . exposed 
. positions (Creighton, T, E. „ in. The, Proteins (eds. 
i :W,H. •.Freeman, : N^,),;, -C^^k^'i^^aM^^^ 

«ifi^-*dfiite 1>.,**«# ^nine, ^ubsj^^utlBP ^does , notv 

decreasing order of pref erence.c.mayjbe.^^ed?,, .Spr , Asiy.. 
and Leu . 

The use of scanning amino acids is not limited to the 
identification of active amino acids in an active 
domain ascertained by the analysis of segment- 
substituted polypeptides. If, for example, one or 
more amino acids in a parent polypeptide are known or 
suspected to be involved in the interaction with a 
target, scanning amino acid analysis may be used to 
probe that residue and the amino acid residues 
surrounding it. Moreover, if the parent polypeptide 
is a small peptide, e.g., about 3 to 50 amino acid 
residues, scanning amino acid analysis may be 
carried out over the entire molecule. 

Once the active amino acid residues are identified, 
isosteric amino acids may be substituted. Such 
isos.teric substitutions need not occur in all 
instances and may be performed before any active 
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amitfb acid ii identif ietti^Suclr isbster ic^amlrio acid 

• ^st^€utibn 
disruptive effects on "conformation that some 
substitutions can cause. isosteric-: amino -acids are- 



5 ~^/I& IhoWit W%aBlt £ lf s 



ore.:: r. 



10 



Active - ?amiho« ; acioV residues" can^ tfe^^den^&ed by 
comparing the activity of the residue-substituted 
polypeptide with a target as compared to the parent. 
-Ih : %e c neral, a two- fold increase or decrease in Kd 
4ndibates- : that the residue substituted is active in 
a €§e:^^'rltc%raif .W'i-tk":^ S^rget.^ sdM^ar^Min ■ the 
? *Mli 3 of H&talytic- interaction ^with-- ^ targef two- 
' flld^thcr^fse ^r f;< decrea*^- kcMt/Km ' — ~" - ^ 



iu:jib i-to--.th^y : - 



^n1? 5 ^nly^^^^bk^s: that an^aBtiv^-r^lddue. has 
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When a suspected or known active amino acid residue 
is subjected to scanning amino acid analysis the 
amino acid residues immediately adjacent thereto 
should be scanned. Three residue-substituted 
polypeptides are made. One contains a scanning amino 
acid, preferably alanine, at position N which is the 
suspected or known active amino acid. The two others 
contain the scanning amino acid at position N+l and 
N-l. If each substituted polypeptide causes a 
greater than about two-fold effect on Kd or kcat/Km 
for a target, the scanning amino acid is substituted 
at position N+2 and N-2. This is repeated until at 
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least one" and preferably four residues are 
identified in each direction which have "less than 
about a two-fold, effect on Kd or kcat/Km or either of 
the ends of the parent polypeptide r are reached. In 
5 this manner, one 'or more" "'amino acids along a 

Continuous ^irio ^iS^Slqul^ii^vMW^e ^vo^edVih -^ 

■ identif ied. '.' „' ;.' ' .... : - 

The methods of the invention may be used" to detect 
10 the active domain for more than one target of a 

particular parent polypeptide." further ^active amino 
. acid residues within the different active domains may, - 
'""'"W '-also identified 1 by '^i^^th^^ r ^eln. Once two 

"" 'parent polypeptide; "^may: bl'' n ' ^de' v 'tcr^ modify the ■ . 
: interaction between the parent polypeptide and one or 
more of the targets. For example, two active domains 

20 on the surface of hGH have been identified for the 

somatogenic and prolactin receptor. In this 
particular case, the active domains overlap. 
Accordingly, there are a number of common active 
amino acid residues which interact with the 

25 somatogenic and prolactin receptors. Various 

modifications to hGH may be made based on this 
information as discribed in more detail hereinafter. 

in some instances, the active domain for different 
targets will not overlap. In such situations, 
30 modification of the active amino acids in the parent 

polypeptide for one receptor can be substituted with 
different amino acids to reduce or enhance the 
interaction of that active domain with its target, 
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of such a 



thus • shifting the physiological effect 
... variant. . ^ ..... _ .„„, , , . ., ,. <. 

" V - ' As used herein"/ the ' term' "nodiflU ; interaction" 
' refers to a .polypeptide variant wherein one or morev, 

^interaction of^^^ 

' to the^parent poiypept^e 7 ' A modif iid^nf er|c|ion is 
defined as at least a two-fold increase ' or decrease 
in the interaction of . the polypeptide variant as 
10 ,; o compared to . the ^ interaction ^ bet^^the^ parent ^ 
" . •,' polypeptidf 'end "a pa^ic^l?r>ar^et. ' ^ ' 

Vis*. ©vi^^e .icts-j-oiaife- •©rfrf riinjiy? 8*55- ^i^-sf^. -„ , ' \ 

..The i^c^ 

vivo assay. .Thus >{ in vitro assays may be used to 
determine., any^tectabj^. 
and polypeptide, e.g. between enzyme and substrate, 
between hormone and hormone receptor, between 
20 antibody and antigen, etc. Such detection may 

include the measurement of color metric changes, 
changes in radioactivity, changes in solubility, 
changes in molecular weight as measured by gel 
electrophoresis and/or gel exclusion methods, etc. 
25 in vivo assays include, but are not limited to, 

assays to detect physiological effects, e.g.. weight 
gain, change in electrolyte balance, change in blood 
clotting time, changes in clot dissolution and the 
induction of antigenic response. Generally, any In 
30 yiyo assay may be used so long as a variable 

parameter exists so as to detect a change in the 
interaction between the target and the polypeptide of 
interest . 
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Exemplary of. the present invention is a preferred 
" "embodiment V wherein the active domains and ^active 
' .amino acids"" of "human growth hormone ; which determine 
its activity with I its ; somatogenic receptor are 
5 " identified. In. carrying out this embodiment of the 

V ,segment,su^tituted ,.a^^i#-f ' „ t^' 

1 . : \ ^diif erent, binding^n^^ 
10 . receptor for growth hormone as compared to naturally 
occurring human growth hormone. At least one of 
" these -human growth hormone variants has a higher 
' affinity, for ^"s^ogeri^ .^ceptbr^and; enhanced 

. potency ? f or ^ som&genesis ;in Vktk. ' ^ Others, ; have a 

S^^i^C^^. lil^iSS aSg^^^V for 

, stimulating, other receptors .for human growth ..hormone 

since • such ' variants " ■ will g* , Jreed from ^substantial 
20 interaction with the somatogenic receptor. Further, 

such variants are useful in immunoassays for hGH as 
an hGH standard or tracer. In one instance, a 
variant has been identified which has a significant 
decrease in reactivity with human and mouse serum 
25 containing anti-hGH polyclonal antibodies. Another 

has the same binding affinity for the somatogenic 
receptor as hGH but increased potency to stimulate 
growth • 

The method for determining the active domains for 
30 human growth hormone which interact with its 

somatogenic receptor from liver is shown 
schematically in Fig. 1. In this approach, segments 
of hGH were systematically replaced with analogous 
sequences from analogs of hGH that are known to have 
35 greatly reduced affinities for the cloned hGH liver 
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' ' \ ! * 'receptor and 'for monoclonal antibodies xa^se(i ;jagainst 
V 1 ' hGH ." " Such- analogs f or ' hGH xnciude ; ftuftarT placenta 
lactogen (hPL), porcine growth " hdr^e/ (fGH) and 
human prolactin (hPRL) ." These analogs nW~bind!ng 
5 - : . affinities for the ' cloned ^hGH ; rece|to^-^at . are- 

re<iuced by &^;%mm «.«o?^r:^ - the 

■ somatogenic hGH receptor (hSHr) (Harrxngton, A. C. , 
: - Mr^l f Voog j"'.T -r^v^ ' • 

' . ' ''' '" et ' al. (1986) W n-.""^^V i g T^docri^1^ e Me*afe"6i, 137 .' . 
10 such analogs are used because homologous proteins are 

known to have similar three-dimensional structures 
"even though they' may'We a large se^ence; divergence 
— ' "(Chothia,- c;V et aiV^(i986) ^^S^a2^. In ..so " : 
; ' ; "doi^g| the likelihood i . 
15 • ' :S ^ence :i sub^itu^ns"wlll^ ' 
: without grossly ; disrupting the , native folding-^? ™ : , 

hormone and ' the ana^tM, ' 
■tCg 1 : :ii p ig ^ 2 . ~ These " latter "three analogs " share a 
sequence identity with hGH at the level of 85%, 68% 
and 23%, respectively. 
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Referring to Fig. 1, the overall strategy is shown 
for identifying one or more active domains in human 
growth hormone which interact with the somatogenic 
receptor for human growth hormone (a "target" for 
hGH). As indicated, hGH has a positive binding 
activity with the target receptor, in this case, the 
somatogenic receptor. The hPRX, hPL and pGH 
analogs, however, have a greatly reduced activity 
30 with that target as indicated by the minus sign. 

Six segment-substituted growth hormones, identified 
by letters A through F, are formed by substituting a 
selected amino acid segment of hGH with an analogous 
amino acid segment from the hPRI» analog. Each of 
these selected segments are different and are chosen 
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.to-:- probee^m^^^ent^e^WijLBP) acid . segye.nge r . of the 
hGH. mplecude- or^^l^m^pT^ ^ic^ are ..expected to 
contain the active domains. After the : segment- 
substituted human growth hormones are prepared each 
ate Ms^yetivajgai^s^ ths ^if^tp^nijc^^eci^pr to 
cdetermih* ■ it§ ^jtiyity. .^■-^«- rea !^^a?^f ! uch a *.. 
^assaysas .iGprnpare^o: ,hGH .are^^dicat^d- .by, + or- 
•iunder the .segment rt mQdi.f ied .human growth hormones in 
:Fig. . • 1. • As-o.can ■ ^be, seen in Fig-, 1<. segment - 
, substituted human . growth hormones C and F. in this 
: /schemattet dq^t: ^feind the, somatogenic, rWceptor^ 
i^Baseditp^^ese^ ^S£&P* growth 

hormofte^prre^ from 
athe , analp.g rirni^^gro^^grmo^e . variants,. ,C and F 

^^^enSii^^^^a^fei^. f?, a ^f feHi; • th > 
^binding mmG^tfJ ; i^^ ' : -y 



i-^As/ . indicated, «it ,, ds. ^not . L necessary , , to , probe the 
entire amino acid sequence of human growth hormone or 
other parental polypeptides if structural information 
or other data are available. Thus, low-resolution or 
high-resolution structural information from 
crystallographic studies can provide important 
information so as to avoid destabilizing 
substitutions of selected amino acid segments from a 
homolog. For example, the X-ray coordinates f6r 
human growth hormone are not available. However, 
helix wheel projections from the pGH folding model, 
based on the low resolution X-ray crystal structure 
of pGH, reveal that three of the four helices (helix 
1, 3 and 4) are amphipathic with strong hydrophobic 
moments. See Fig. 3. . Eisenberg, D. , et al. (1984) 
,-T. Mol. Biol. 179 . 125. Since the hydrophobic core 
in polypeptides is very tightly packed (Ponder, J. 
W., et al. (1987) .t. Mol. Biol. 19 3 , 775), changes in 
such • buried amino acid residues are generally 
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'•""- V '"destabilizing 5 "Igy^et?^^ (i98-n^Blols Chem. 

'* ?? " r: 2i'f'' •37§4? RiidHa^^l^Sn/'^^'"F'*o (<a&M^^ie1tfce 241, 
' *' - : 53) w - : ' ■ 

' -^?f^i^di4lW;^rifi<W ; - 3f^: h3^*a^in©*f eEcld -sequence 

familyY ' l 'for ; fexafipf e (Bik^gfitth .hormone- family, ^ 
: in general , need- not be- prbbedV Fat least initially. 

This is because the disruption of such conserved . gr^ 
sequences is likely to disrupt the folding of the 

l0 : ' : '' : '- v,-: ^baeciii ; e7 0 -'- r: Furthe'rv other ? data' may 1 -suggest that 

'certain ^regi?b1&; £ b^^ ; 
■ x f rf MvM%d^ft?' C! t^ target;. 

y^i^i^^&g&c-e? s^^eicamf^ 

15 et a ^F^L9^ v 

variant of hGH which deletes residues 32 to 4 6 (the 
20Kd variant; Mis^-U..^. ^et, : af r~ (1980V Biochem. ' 
Bi oohvs . Res ♦ Commun . 92 . 5111) have been reported 
not to effect dramatically the binding properties to 

20 the somatogenic receptor. In addition, the 

production of a two-chain derivative of hGH by 
limited proteolysis, which deletes some or all of the 
residues between 134 and 149 r does not markedly 
effect binding to the somatogenic receptor. 

25 Li, C. H. (1982) Mol. Cell. Biochem. 46, 31; Mills, 

J. B. , et al. (1980) Endocrinology 107. 391. 

Based on this information, six segments of the amino 
acid sequence of hGH were selected for substitution 
with the corresponding analogous amino acid segments 
30 from a number of analogs to hGH. These selected 

segments are identified as A through F in Fig. 2. 
These segments are separated either by disulfide 
bonds, by borders of secondary structure (see Fig. 
. 4) , by areas of high sequence conservation in the 
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growth hormone family or by regions previously 
identified as not being involved in binding to the 

soxnatogenic receptor T Seventeen seginent-substituted 

hGH variWht^s-wdre prepared which. -collectively 
substituted 85 out of the 191 residues in hGH. The 

isegmen^substituted hGH varianr^prepared. w^-fehin. each 
region.>are suifiarized in. ,|able f III. v =h t? .-v 'a 
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.. , i ,, ,. ,. TABLE III ,„ 



/ Region:; Segment^ ; : ,Acfu^l... , Mutagenesis; , vV - (variant) 

probed Substituted Substitution method (nM) 

- ~ J.;.. ■ - :•■ : : : - U ^ :; ;K d (wt) 

hGH Variant Introduced 

A 11-33 hPL (12-25) N12H r F25L r.s.i/ 1.4 4.1. 

pGH (11-33) D11A, M14V, H18Q cassette 2 -/ 1.2 3.4 
R19H, F25Aj Q29K, 
E33R 

hPRL (12-33) N12R, M14V, L15V, cassette 3.6 11 
R16L, R19Y, F25S, 
D26E, Q29S. E30Q, 
.•■ . ■ - \ . E33K ' 

hPRL (12-19) N12R, M14V, L15V, r.s. .5.8 17 : 

hPRL (22-33) Q22N, F25S, D26E, r.s. 0.29 0.85 
Q29S, E30Q, E33K 

B 46-52 hPL (46-52) Q46H, N47D, P48S , r.s. 2.5 7.2 

Q49E, L52F 

pGH (48-52) P48A, T50A, S51A, r.s. 0.94 2.8 
L52F 

C 54-74 hPL (56-64) E56D. R64M cassette 10 30 

pGH (57-73) S57T, T60A, S62T, cassette 5.8 17 
N63G, R64K, E65D, 
T67A, K70R, N72D, 
L73V 

hPRL (54-74) F54H, S55T, E56S, cassette 23 69 
I58L, P59A, S62E, 
N63D, R64K, E66Q, 
T67A, K70M, S71N, 
N72Q, L73K, E74D 
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6:53 1.6 



J> '.88-10* hPRL (88-95) . _E88G , Q91Y, F92H r-^ .0.47 1 

.„...,. hPRL (97-104) F97R, A98G, N99M, 

S100Q, L101D, - - 

,. ..... .. .. V102A, Y103P, . ' 

" "J "" G104E "' ' _ ...„ f f -_ ft . 

CsW-S^L (1990^2^ j^oj»qp.^Ji* bS- e h^ 1,8 

• " " * D112H , . 

*™ .... K115E, D116Q, : . . , . 

G120L, Q122E, 
T123G, G126L, 



E129H, D130P, 
G131E, S132T, 
P133K, R134E, 
T135N 

F 164-190 pGH (164-190) Y164S, R167K, 

M170L, D171H, 
V173A, F176Y, 
I179V, V180M, 
Q181K, S184R, 
I184F, G187S, 
G190A 

pGH (167-181) R167K, D171H. 

I179V, Q181K 



; ' C'ftTr\'C'.^- ■ '-ft';' .' 

"cassette ~ 6\ 5 8 1.7 



hybrid 3 -/ >34 >100 



r .s. 



9.2 



27 



1/ Restriction selection - Wells, J. A., et .1. (1986) fhilo,. Trans, 
R. Soc . T^rtdoTi SerA 317 , 415. 

1/ cassette mutagenesis - Wells, J. A., et al. (1985) Gene 34, 315. 

Gray, G. L. . et al. (1986) i. 



Recombination mutagenesis 
Racteriol. 166 . 635. 



1/ 



The segment-substiWfee^liGH variants are generally 
identified by the ..analogous segments substituted into 

the" human growth- hormone sequence However in . some 

instances, not all of the analogous residues in the 
substituted" analogous segment : were • maintained- in a 
particular Construction ^^hus , a^TablLe^ III, hPL - 
;. C1 ^riaengSes 

wherein amino "acids" 12 through, 25 of human placental 
lactogen (hPL) are substituted . . for amino acid 
residues 12 through 25 in the parent hGH. The 
effect of substituting this analogous segment can be 
determined by comparing the "amino acid sequence of 
hG*f and h;Plf s in^ this-r^gio^^rj Figv<2U i Foufc - amino •■ 
acid substitutions are generated in an hPL (12-25) 
^yari^ty-whe^^o ot||^| c|^s^-kr^ X)maW. , . ; These 
Residues are 12, 16 ,.' WiM4x%&i io *- hPL < 12 ~ 25 > • ■'■ •'- " "-^ 

The actual amino acid. : substitutions in the hPL 
(12-25) variant and the Other segment-substituted 
variants are shown in Table III. Each substitution 
is represented by a letter followed by a number which 
is followed by a letter. The first letter and number 
correspond to the amino acid at that residue number 
in the unmodified hGH. The last letter corresponds 
to the amino acid which is substituted at that posi- 
tion. Thus, N12H indicates that the asparagine at 
position 12 in hGH is substituted by histidine in the 
hPL (12-25) variant. 

As can be seen, some of the actual substitutions 
introduced do not correspond to the totality of 
substitutions indicated by the corresponding segments 
in Fig. 2. Thus, hPL (12-25) would contain the four 
substitutions N12H, R16Q, L20A and F25L if the 
entire hPL (12-25) segment were substituted. The 
actual variant made, however, maintained R16 and L20 
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and therefore incorporated only two of the four 
„,,substitufeions,,i^,,.NX2H r and ^SL^as^shown 

;:::: I n," . ; 0^ --^ent i sub^itu^d .Ypi^Hcf 

; ■ ■ maintained one or . »pre rescues of the .parent hGH 
5 . ^ incl^ those .covering., regions., A . and the 

, : .Each, of the segment-substituted ^an^r^wth, hormone 
variants were assayed in , an ^ , system 
1C r ^ comprising displacement; , of ^hGH ^ the 

^.v'^rr^^c^^a^antiSy .^^r^i^f ^ e |^.f ^ . 

, i,^^omaA^rof ^e.#pma^ni^^Mf>r. * ' .... 

.•™'T'~*fT "~ ■ ; -^v This truncated form 01, 

' ^ : "Vseieciivi^y. for ■ hGH,, as., the. membrane form^^of the 

^•v ; ; receptsr ..; (spen ce^:s: *t .(i.m.iM^ 

Chem . 263, 7862) albeit with about a slight reduction 
20 in binding affinity (Kd = 0.3nM) . 

As will be described in more detail in the examples, 
selected segments A, C and F, comprising residues 
11-19 54-74 and 164-191, respectively, are active 
domains in the hGH molecule interactive with the 

This is based on the observed 
25 somatogenic receptor. Tnis is d<**»« ^ 

decrease in Kd of ten-fold or greater for most of the 
segment-substituted hGH variants containing analogous 
segments for hGH analogs over these regions. See 
Fig. 4. Of course, this does not mean that each of 
30 the amino acid residues within these active domains 

comprise the binding residues for the somatogenic 
receptor. Rather, such domains define the amino acid 
sequence within which such active residues can be 
found ♦ 



.: '• . . : . .- " ■ -50- ■ 7- " ' ■ 

' ' ' A """The active "domains A,' C and 1 F wef-e fiiftEef -idealized. 
1 ^For example, " the ' variant ^jpRl-^fl^^^-was 'dissected 
into "the amino and carboxy terminal variants, hPRL 
(12-19) and hPRL (22-33).' Tlie 'results^ ; f rbiii' this 5 
5 — experiment ' fuff£er a ^da^2e<t a ^t^^iiiivts^fi^n of ■' ■ - ; 
hGH to residues 12 through 19. SimilaMyV "the> amino 
terminal portion of region F (pGH (167-181) ) exhibits 
" J '"'" : " a"' iarge^ redu^io^ ^brie>£f 'the 

most dramatic effects was the 3d- fold reduction in 
10 ^ binding caused- by ; hPL- , X56*fe4 , )'-- , ^hich.l£iS«Jf6ajiced only , ;, 
D "' ! ' two mutations/ E56D arid R64Mir ; Althoughi regions A, C : * 
" " *' " ant^F " are ^widely separated iri^ €fie*pr £mar^*se%iehce of ; 

' {m '. "\" * Within 7 close * 'prfxurtxty^ 1 c ; See f s f if 3» Tl*eW«active: : 
. ;--15- fe ;^^ma^^lm §^tch^t>%o^^ 

'''*'' the start of helix : 2 (active domain j C) ( and the 
' :M ' i:Vi central portion of' helix 4 ' ( adt ive^'' d6ma ini ; F )' . •- 

In addition, eight Mabs against hGH were assayed 
. 20 against segment-substituted hGH variants to map the 

epitopes of hGH. Further, the Mab's were used in a 
competitive assay with hGH and hGH variants to 
evaluate the ability of each of the Mabs to block the 
binding of the hGH receptor to hGH. 

25 The collective results obtained from these 

experiments provide several lines of evidence that 
the substitution of analogous segments into hGH do 
not grossly disrupt the native folding of the 
molecule and that the observed activity is due to a 

30 direct effect on the interaction between the 

somatogenic receptor and the segment-substituted hGH 
variants. Firstly, the segment-substituted variants 
are highly selective in disrupting binding to the 
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' Vl,P : somatogenic "receptor' or the Mabs". ^Secondly-, the 

' :W somatogenic xeceptor and "Mabs recognize confirmation 
"XX as well, as sequence. The receptor and at least four 
or. - *g the Mabs r e C ognize"" discontinuous epitopes that are 
5 i. . "sensitive to , the ^protein ; tertiary structure . 

Thirdly; "circular dichroic. ; Jpectra ' oiT ; air 'J of the 
.' purified variants are virtually- identical ~ to wild- 
type hGH. Fourthly, all of the variants, with the 
exception of pGH (164-1961. were expressed in 
10 essentially wild-type amounts. Resistance to 

, ... proteolysis in Yiyja has been used as a screen for 

D. r et al . Ci985) Genetics jAO , 539 . ^ . 



,= T he "alteration ■ ' in ; binding . activity for . segment- 
. substituted hGH variants .does _ not necessarily 
"indicate that the substituted residues in such 
variants make direct contact with the somatogenic,, 
receptor. A disruptive mutation may not only remove 
20 a favorable interaction but may introduce an 

unfavorable one. For example, the N12R mutation in 
O the hPRL (12-19) segment-substituted hGH variant not 

only changes the hydrogen bonding amide function of 
Asn i2, the Arg substitution also introduces a bulkier 
25 side chain that is positively charged. Furthermore, 

a number of the binding contacts may be conserved 
between the analogs so that not all contacts, or 
even regions, may be probed by generating segment- 
substituted hGH variants. Further, the substitution 
v 30 of analogous segments generates the substitution of 

multiple amino acid residues in the hGH molecule. 

In order to identify the specific active amino acids 
within the active domains A, C and F in Fig. 2, a 
fine structure analysis of these active domains was 



performed. In this analysis, residues in these three 
, /^aqfeiye [ domains were ^repl aded se^entially with 
^alWp.ine/r A total of 63 single Alanine mutants were 
/ma^e land each " of : their * binding constants* were 
d^ermined for the Soluble hGH receptor (shGHr) by 

Scatchard analysis* Leung, D • W. , et al- (1988) 

■' , Biol . Chem. 263 . 7862 . ■ ■ _ _ 

jESsed^ on this analysis, ; the' " Miino ' acid" Irefeidues . 
listed in Table IV comprise residues within the hGH 
molecule which are actively involved; in the 
interaction with the somatogenic receptor . This is 
. based on the more . I^nv^f'bu^ the 
"relative 1 ''disso'ciilf the 
substitution of " alanine ; ;' : ^or/ these residues as 
. compared to wt hGH. See Fig. 7. Preferred amino 
acid substitutions s f or these residues to form hGH 
variants are shown. \ " ^ ^ / . ' 

-.Zi^K .,..'v-.' f " : - " 'table iy " ;"' rL '.. 



hGH Residue 


Preferred amino 
acid substitution 


F10 


GEMARQSYWLIV 


F54 


GEMARQSYWLIV 


E56 


GMFARQS DNKLH 


158 


GEMFARQSVT 


R64 


GEMFAQSH , KDN 


Q68 


GEMFARSHKDN 


D171 


GEMFARQSHKN 


K172 


GEMFARQSHDN 


E174 


GMFARQSHDNKL 


T175 


GEMFARQSVI 


F176 


GEMARQSYWLIV 


R178 


GEHFAQSHKDN 


C182 


GEMFARQS 


V185 


GEMFARQS ITLYW 



Other amino acid residues which are less active with 
the somatogenic receptor are listed in Table V. 
These residues demonstrate generally less than two- 
fold increase in relative Kd when substituted with 
alanine. 



TABLE V 



14 N12 S55 E66 Q181 

P5! • ^.Mi4:. ;; ::.;; : y .sN- : ; i*™ — 

■ L15 P59 S71 

R16; S62 K168 



L6 
S7 
R8 



Amino acid ^residues in hGH .showing a relative 
decrease in Kd when substituted with alanine (and 
consequently - greater affinity for the somatogenic 
receptor) are listed in Table VI. 

TABLE VI 

v ^ . - ; — > xi^t m;-ix.j.,.::>.£^ V'"---'"-'-. *"''' ■• &3~&&X'-Y- . .'ss^s*. ' - ■ . 

: T3 



Q69 E186 

L73 S188 

^R167 F191; 
R64 E174 



L10 



One' residue substituted hGH variant, E174A, 
surprisingly resulted in a significant decrease 
(almost five-fold) in the dissociation constant with 

O the somatogenic receptor. This variant, in addition 

5 to showing an increased binding affinity for the 

somatogenic receptor also exhibited an increased 

- } . somatogenic potency relative to hGH in a rat weight 

gain assay. This and other specific residue 
substitutes that enhance somatogenic binding by >1.4 
10 fold are presented in Table VII. 



TABLE VII 

j r hGH variants having* enhanced -somatogeni c -binding 

Substituted -"/v. 
hGH residues amino acid •&>'■; 

H18 A 
R64 K 

• . ; . L73 . A ,• .... . 

: ■-■ E174 ' '• * • "' A,N,Q,S,G ' ~-"" K " '•' ' ' : : 

. .. E186. A 
S188 . . . A 
F191 " A 

Other variants containing alanine substitutions not 
shown in Figi 7 are listed in Table VIII. 

''-.f'^'bfc"-' vS-. iTABLE Vill i, .'. " -V 

Variant Kd(mM) Ka(var)/Kd (wt) 



H21A 


NE 




K172A/F176A 


201 


543 


N47A 


0.84 


2.3 


P48A 


NE 




Q49A 


0.36 


1.0 


T50A 


0.38 


1.0 


S51A 






Q46A 


NE 




V173A 


NE 





Note ; NE - not expressed in shake flasks at levels 
which could be easily isolated (i.e., < - 5% of wild- 
type expression levels) . 

Once identified, the active amino acid residues for 
the somatogenic receptor in hGH are analyzed by 
substituting different amino acids for such residues 
other than the scanning amino acid used for the 
preliminary analysis. The residue substituted 
variants in Table IX have been made. 
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T&BLE IX 



Variant 



R77V 
L80D 

F176X 

Ei7#S" r 



E174H" 

E17;4K" 

E174T/ 

E174N 

E174Q 

E174S 

E17.4V 



E65K • 

e%5-h-; j i.;" 
K17,2Sr;v 
I58L: 

: F2j5$f fff 
D26E . " ; 



E30Q ; 

R178K 

R17 8T 

R178Q 

I179M 

D169N 



Kd(nM) 



0.44 

0.78 

3.2 

0.15 
NE 
0 .43 
1.14 
2.36 
0.26 
0 . 21 
0.11 
0.28 
NE 
0.21 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 
, NE 
NE 
NE 
NE 
3.6 



Kd(var)/Kd(wt) 



1.3 
2.3 
8.6 
0.43 

1.2 
3.1 
6.4 
0.7 
0.6 
0.3 
0.8 

0.6 



10.5 



o 



Shibh could be easily isolated (x.e., < 
type expression levels) . 

in addition to the hOH variants that have been made 
Lie X identifies specific amino acid resxdues in 
hGH and replacement amino acids which are expected to 
p«du=e variants having altered biological functions. 



TABLE X 



wT hGH ■ amino 
acid residue 

S43 

F44 

H18 

E65 

L73 

E186 

S188 

F191 

F97 

A98 

N99 

S100 

L101 
- V102 

Y103 

G104 

Rig 

- Q22 
D26 
Q29 
E30 
E33 



Replacement amino acid 

GEMFARQHDKN ... • 
GEMARQSYW^IV^ 
GEHFARQSgp££S 
, GMFARQSHDNKf^ 

1 GEHFARQS§Wfrs 1 
. GMFARQSHDNKias . 
GEMFAKQHDN&Y ' 
GEMARQSYM.IV 
GEMARQSYWLIV . 
GEMFRQSDNHK : 
GEMFARQSpKY,- : 
GEMFARQHDfjKY^ ; 



5 -T^ >V 



GEMFARQSW^I^ 
EMFARQSP^r^ 
■ GEMFAQSHr^jSf 
GEMFARSKxaat^;; 



GEMFfiRSKKpl^ 
GMFARQS.HDNKIi; 



In another embodiment. The binding epitope of hGH for 
the prolactin receptor was determined. hGH can bind 
to either the growth hormone or prolactin (PRL) 
receptor. As will be shown herein, these receptors 
compete with one another for binding to hGH 
suggesting that their binding sites overlap. Scanning 
mutagenesis data show that the epitope of hGH for the 
hPRL receptor consists of determinants in the middle 
of helix 1 (comprising residues Phe25 and Asp26) , a 
loop region (including Ile58 and Arg64) and the 
center portion of helix 4 (containing residues K168, 
K172, E174, and F176) . These residues form a patch 



when , mapped upon a structural ioodel of hGH. This 
binding patch overlaps but is not identical to that 
determined for the hGH receptor as diclosed herein 



and by B.Q. Cunningham and* J. A. Wells (1989) Science 
244, 1081-1085 .. By mutating the non-overlap regions 
of these 'HceptoF binding sites on hGH, the 
preference of hGH was shifted toward the hGH receptor 
by >2000-fold or toward the hPRL receptor by >20-fold 
without loss in binding affinity for the preferred 
receptor. Similarly, by mutating the overlap 
regions it * is possible to reduce binding to both 
receptors simultaneously by ^66-fold. Such receptor 
selective variants of hGH should be useful molecular 
probes to link specific receptor^ binding events to 
15 the various biological activities of hGH such as 

linear growth or lactation. 

In a further ^el^aX^fent, the receptor binding*"' 
•determinantsT ^61T*Ku16Sn"~-grb-w1Sh 3 - hormone' (hGH) were 
placed into the normally nonbmdmg homo log, human 
20 • prolactin (hPRL) . The alanine scanning mutagenesis 
disclosed herein and Cunningham, B. C. & Wells, J. A. 
q (1989) Science 244, 1081-1085 identified important 

residues in hGH for modulating binding to the hGH 
receptor cloned from human liver. Additional 
Q 25 mutations derived from hPRL were introduced into hGH 

to determine which hPRL substitutions within the hGH 
receptor binding site were most disruptive to 
binding. Thereafter, the cDNA for hPRL was cloned 
and expressed in Escheric hia coli. It was then 
30 mutated to sequentially introduce those substitutions 

* from hGH that were predicted to be most critical for 
receptor binding. After seven iterative rounds of 

* site-specific mutagenesis, a variant of hPRL 
containing eight mutations whose association constant 

35 was strengthened over 10,000-fold for the hGH 
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"7 only six-f old weaker than ^Id-type ; ;hGH* whale ^haring 

: on£y;2^% " overall w ^ v? H S^""' 
^ results show- toeV^ hGH 
5 and' hPRL, and " confirm^ toe ^entity ^of the hGH 

'' receptor epitope: More .^S^^tT^' ! ^^^^^^ 
^ -"dVmo"nstrTt4'^the ^tibilitK to .borrow receptor 
■ binding, properties from- .distantly rented and 
. I functionally, divergent horoo^es toat may prove usefux 
10 ''" for the design of hybrid . hormor^s v?ith new properties 
as agonist or antagonist. 



The following is presented by way ; of example and xs 
not to be construed as a lxmxtatxon to the scope or 



the invention. 



it- : .:■ Example 1 - ... . . 

^nl^-f^d •' . Ta$a&z$)'z - ■ tans <{ftiimm®?>&&»'- . 4 %*&&"£x? in- 

~* v HGH Mutagenesis and Exor**'* 1 ;*™ Vector : 
'7\,'.' . To^acillta^ 

gene was made that had 18 unique restriction sites 
evenly distributed without altering the" hGH coding 
20 sequence. The synthetic hGH DNA sequence was 

assembled by ligation of seven synthetic DNA 
cassettes each roughly 60 base pairs (bp) long and 
sharing a 10 bp overlap with neighboring cassettes to 
produce the 405 bp DNA fragment shown from Nsil to 
25 Bglll. The ligated fragment was purified and excised 

from a polyacryl amide gel and cloned into a similarly 
cut recipient vector, pB0475, which contains the 
alkaline phosphatase promoter and StII signal 
sequence (Chang, C. N. , et al. (1987) Gjme £5, 189), 
30 the origin of replication for the phage fl and 

pBR322 from bp 1205 through 4361 containing the 
plasmid origin of replication and the p lactamase 
gene. The sequence was confirmed by dideoxy sequence 



■ ; :r '^inaiys^ (Sa^eW^, (1977- f ft^/-^^ . Acad, 

P B0475 was constructed as shown in Fig. 9. fl origin 
D NA from filamentous phage contained oh a Dral-, Rsal 
5 ^.i fi^en%-^^ s in? ^ng%n s was closed vihto. the» ^nigue 

^Xf^if % ^Itfe^oif f pBR3 2 2 - to^ialce pla^mid 1 p652 .1 -~ Most of ■ 
%^s^racycllne" resistance' 1 gene was? th"eh deleted by 
^ ^stricting p652 • witti^ Nhel' and NarT, ^S*M&hg the 
cbhesive- ends in with DNA polymerase and dNTPs and 
" 10 ligating the large 3850bp fragment back upon itself 

to create the plasmid- P A652 ' pA652 was restricted 
-V with EcbRI / EcoRV and the 3690bp fragment was ligated 

^ ■ oT - ...a^t f :f3Gbbp ?: -EcdRr^ ; EdbW-'^fa^eirtt': ;^rb#^phGH4R 

:a^ n ^o^ji ka ^s^ 1 ^^H6^ph^mse * Wofebter r , 

■ . ^cidned intb pBQ47 3 in-^a three-way ;cbhstructiori . The 
vector pB0473 was restricted with Nsil, Bglll and 
20 ligated to a 240pb Nsil, Hindlll fragment and a 

1170bp Hindu, BglXI fragment both derived from 
O synthetic DNA. The resulting construction P B0475 

contains DNA coding for the natural polypeptide 
sequence of hGH but possesses many new unique 
O 2 5 restriction sites to facilitate mutagenesis and 

further manipulation of the hGH gene. The entire DNA 
sequence of pB0475 together with the hGH amino acid 
sequence is shown in Fig. 10. The unique restriction 
sites in the hGH sequence in pB0475 allowed insertion 
30 of mutagenic cassettes (Wells, J. A., et al. (1985) 

Gene 24, 315) containing DNA sequences encoding 
analogous segments from the analogs pGH, hPL and 
hPRL. Alternatively, the hGH sequence was modified 
by site specific mutagenesis in the single stranded 
35 P B0475 vector followed by restriction-selection 
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^^inst ;Qn^ of ; the unique restriqtion sites . (^ells, 
j, A M et al. (1986) Philos. / -Tra ns. R . * Soc ; . London 
SerA 317 , 415) . 



The 17 segment-substituted hGH .variants in Table III 

: ^rmezm -^itpies^&b". *tt8af*e'f*9Wa* Sf»f5#?fe4^%; the r ? 

„ ^ p^erlplasmiciSEace of ,:E_^ col* c afe^levels t compar^bjle to: - ■ \ 

:;hGg~pGH hx^lid>. : ; descr^ed infEa* ^. The^ ...hQH^ahd • hGH 

. variants were expressed in "R . col i- W3110, tonA , ( ATCC . ? 

10 . 27325) grown, in low phosphate minimal media (Chang, K: 

t>^b&<t<!vJt. is** 6&'^£l?*&i'£^Ur:;9ft* ...189)^;- • ^i^,e. 't'4 : 

^t^#h#A©H ' ^n^WS^^ar^aafej? wer^purif ied £ as follows. To 
■ V'-^^i^Q!^.--9f8[ee^^^. fpur, ; volumes (8p$m^ pf^0|j^ \tris, 

-m^ • ftS^^^vt^awed^c rrTh&,mixt\ire was,, b&nd%^i$^.^Q^iitB&-$ ■ 
.'' TheV 'ia^uare was. 

centrifuged at 70 00g for 15 min. The supernatant was 
decanted and ammonium sulfate was added to 45% 
20 saturation (277g/l) and stirred at room temperature 

for one hour. After centrifugation for 3 0 minutes at 
ll,000g, the pellet was resuspended in 40ml lOmM 
tris pH 8.0. This was dialyzed against 2 liters of 
10mM tris pH 8.0 overnight. The sample was 
25 centrifuged or filtered over a 0.45 micron membrane. 

The sample was then loaded on a column containing 
100ml of DEAE cellulose (Fast Flow, Pharmacia, Inc.). 
A gradient of from zero to 300mM NaCl IN lOmM TRIS 
PH 8.0 in 8 to 10 column, volumes was passed through 
30 the column. Fractions containing hGH were 

identified by PAGE, pooled, dialyzed against lOmM 
tris H2C1 pH 8.0 overnight. Samples were 
concentrated to approximately lmg/ml by Centri-PreplO 
ultrafiltration. 
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Wn4oi6a6u^ Recombi"^<-fi of hGH -and'-'pGH 
A random hybrid library containing various N-terminal 
lengths of hGH linked to the remaining C-termmal . ■ 
g _ ..^^ifctf--^ $8£&m¥* pbwth ^b^blfe .^4 PGH) ^ was ... 
5 - ; constructed by the Method- of raiidom Combination of ; 

* tandomly linked genes. Gray, G. L. , et al. ,(1986) J, 

4 Bacterid »_ 166 . 635. 

- ihe EcoRI site of P B0475 was removed' by restricting 

10 ^ >C;V the : |ialmia wit* EcoRI, filing: -intthe cohesive; ends 

tnen ' > 

, ^|^| ed f f ,d^^:-tl^3*v^to<f^ - - KGH^gene . ; ; ; : - { 

15 -^ '^^^^^ of hGH^R ^i^h^ cont^i^ ^ch an 

" EcoRI site, into similarly restricted rector from the. ; 
" " 'ecoRI- PB0475 construct i6n. The pGH gene (Seeburg, 
P H . f at al. (1983) DNA 2, 37) was then introduced 
just downstream and adjacent to the 3' end of the hGH 
gene in this construction. This was accomplished by 
doping an EcoRI, HindHI (filled in) fragment 
containing pGH cDNA into the large fragment of a 
EcoRI , EcoRV digest of the construction described 
above. The resulting plasmid, P B0509, contains an 
25 intact hGH gene with a unique EcoRI site at xts 3' 

end followed by an intact pGH gene reading xn the 
same direction. Due to the homology between the hGH 
gene and pGH genes, a percentage of the pB0509 
plasmid underwent in ylvo recombination, to make 
30 hybrid hGH/pGH genes when transformed into JU. £2li 

rec+ MM294 (ATCC 3144 6). These recombinants were 
enriched by restricting pool DNA with EcoRI to 
linearize plasmids which had not undergone 
recombination resulting in the loss of that EcoRI 
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site. After two rounds of restriction selection and 
transformation into E; coli rec + HM294 nearly all the 
clones represented^ hybrid^ >G^/pGH ^egomb|nants. 
Sequence analysis of 22 clones demonstrate that the 
5 l & rrHiGH/pGH , ..hybrid^, contained .with §5^^^^^ hGH 
. . ; : |s : to : ;'-s^qiiehce followed by.pGH s&^^^^st^f^i^-^^^^P^ 0 ^ 

Seven hGH-pGH hybrids having cross-over points evenly 
10 'V:;. redistributed,, oyer the hGH " gene. ;; were^ pbtained. 
- ''- ; at^'Hc#ey=er^ only : , th^ h e^treme jr: qarb,p r xy. ^^^^y^ rid -':, 

.. ; ^jfcr.' a*v.leye^si : b4gh f^mgh -MiMor^M^iiM^ir 1 ^^' ■ 
■ ^GH^GH>,,hybrid^in^d^ceA 3^^ ? ^gb^||tuctions ; , 

-^^^^$^^^^^^■9^ ^elix. ;; , 4 Acco^ngly^^ost- . of 
• v.the sequence modifications iri the heiical ..regions A 7 

; • ; D, E and F -in Fig. 2 were designed to avoid mutations 

of residues on the hydrophobic face of the helices. 
20 For example, the above hybrid hGH-pGH variant was 

modified to retain M170, V173, F176 and V180 because 

these residues are inside or boarding the hydrophobic 

face of helix 4. 

Example 3 

25 Expression and Purification of Soluble 

Human Growth Hormone Recepto r from E. coll 

Cloned DNA sequences encoding the soluble human 
growth hormone receptor shGHr (Leung, D. W. , et al. 
(1987) Nature 330 . 537) were subcoloned into pB0475 
30 to form pJ1446 (see Figs. 11 and 12) . 



The vector pClS.2 SHGHR (Leung, D. W. , et al. (1987) 
Nature 330 . 537) was digested with Xbal and Kpnl and 
the l.Okb fragment containing the secretion signal 



10 



plus the,. 2,415, 4?.^on ,ex^ hGH 
receptor. was purif led ; , iMin^at^s^T.^t a J?J£?" ) in 
. -.^i^ni^ 'cicininaV ^Cpld Sprigs > J^^ ory ' 
N.Y.y." This fragment "was lighted" into 'similarly cut 
, MlS-mp^. and, sin^le-strandeci^ DNAjor^ ^fec^inant „ 
: was purified (Messing, J. ^ 
Knr.vTnoloav. Vol. 101, p. 20). site-specific 

; , c ^agenesis ^?&J|~ ^.H-,, ( ^%JpfW^f 
. -Res,. 13., 4331) was, carried out to introduce an Nsil 
site at codon +1 .using the .18 mer digonucleotide, 

. . D9up^r^^ed^^A r .;,for ^. mutant was . . 

-,,..,./ was cut. with. Nsil.5,an^ 
r - (missing' the' synthetic". hGH gene) was- purified". The 
20 900bp fragment for the receptor and the 4 . lkb vector 

fragment were ligated and the recombinant clone 
( P J1446) was verified by restriction mapping. This 
O was trans formed into the fifiU KS303 (Strauch, K. , 

et al. (1988) Prnc. Natl - Acad. Sci . USA £5, 1576) 

25 and grown in low-phosphate media (Chang, C. N. (1987) 

Gene 55, 189) at 30'C. The receptor fragment protein 
was purified by hGH affinity chromatography (Spencer, 
S. A., et al. (1988) .t- Chem. 263, 7862; Leung, 

D. W., et al. (1987) Nature 110., 537). The sequence 

30 for pJ1446 is shown in Fig. 12 together with the 

amino acid sequence of the cloned receptor. 

Ejs. coli W3110, degP (Strauch, K. L. , et al. (1988) 
PNAS USA 85, 1576) was transformed with pJ144 6 and 
grown in low-phosphate media (Chang, C. N. (1987) 
35 Gene 55, 189) in a fermentor at 30-C. The 246 amino 



acid. hGHr '.was ;used to : generate; p^el iminary data . A 
sligiitiy 5 shorter '" ; hGHr : ''containing afeino v ' 1; acids 1 
through, 238 was used in the examples- herein . The 
results obtained with that" receptor were 
indistinguishable from those " obtained'- with' the 246 
amino acid hGHr. 



- v ^%nV %^| m ia phGHr ( 1-2 38) * (Tabl ie ) r was ; constructed 

to generate a stop codbn after Gln238 to avoid the 
problem of carboxyl terminal heterogeneity. The 
10 . binding protein from -ksa^-- ^^ciillfees v> containing 

" „ " ^GHr^i-238 ^ W as^ : produced"!^ 
• ' tl ^4--^^r^c#^%4s^e^r^W^H#^- (data ?ik>t'-shown)v; 

■ ■ than'" f roit ^ltu^s.^^oliff If^Mf 3 phGHr tl^246) : 

■ -^^.^^^nelyf^ A0 l % ^r^iM^ M ¥^^^^^^ 

^^'liigh^'ceir denWity'-''f4rm^ht^ . ' T ' , Both,. 

N-terminal "sequencing ""''ahd iv pep€ia%^ mapping coupled to 
mass spectral analysis of the C-terminal peptide 
20 confirmed that the product extended from residues 1 

to 238. 



Site-directed mutagenesis of the phGHr (1-246) 
template was performed (Carter, et al. (1986) Nucleic 
Acids Res ♦ 13, 4431-4443) to produce phGHr (1-240, 
25 C241R) using the oligonucleotide 

* * * * 

5 ' -ATG-AGC— CAA-TTT-AjCG^CGT-TAG— GAA— GAT-TTC-3 ' ; 

the asterisks are mismatches from the phGHr (1-246) 
template, underlined is a new unique Mlul site and 
30 CGT-TAG directs the C241R mutation followed by a stop 

codon (Table X(A) ) . 
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Table X(A)_ . ^ v^:v'~ - ' 
Sequent aminb- and ca*SMyl- termini of hGH b ind in g pro tre irvr* c oris^tr uc t i on s 



Plasmid 



Termini 



* Proteiri/DNA " s e.quence/Re strieti oh- sites 



phGHr( 1-246) Amino 



phGHr (1-246); Carboxyl 



-3 -2 -1 +1 +2*" o*f •-> £ 1$ •, . . ..I;'-: ' 

A1A-TYR-ALA-EHE-SER-GLY 
-> flCfi - TAT - GC A - "E TT--! TCTt.GGA . , 

" Ns'il ' 

238 239 240 241 242 243 244 245 246 . 

GLN - PHE -THR-CYS - GLU - GLU -ASP - PHE -TYR-AM 

GAA-TTT-ACA-TGT-GAA-GAA-GAT-TTC-TAC-TAG-CGGCCGC 



■"« i ;- 



Not! 



(1 - 240, C241R) Carboxyl Gln-Phe-Thr-Arg-AM ^ . 

? ; CAA - TTT -^CG-CGT* TAG-GAA? G AT-^TTC gTAC, ^AG • CGGGCGC^ 



phGHr (1-238) Carboxyl 



Gln-AM " £ 



CAA-TAG-ACA-CGT-TAG-GAA-GAT-TTC-TAC-TAG-CGGCCGC 



Nod 



C ) ★Indicates mismatches from the wild- type template 



O 



-A* 



The plasmid, phGHr (1-238) was produced by site- 
directed o mutagenesis - on . the phGHr (1-240, , C24.1R) ,- i;p , 

-template us ing - restriction-selection- - (Wells , et - al . 

.fiQflfi) ^ Phsil . - --Trar^- So c. Lond. A., 3_17> 415-423) 

against the Mlul site (Table X(A) ) . - Briefly, an - 
ol igonucl eot ide , :„■ ~ ..;■;->.. ;-..■...??». ;.,,•;.;' - - ■. .. ■ ' ' r- : 'i'-vr~::v 

5 ' -ag-atg-agc-caa^tag^a^=!g^t-tag-gaa--3 ' 

introduced a translation stop codon after Gln238 (CAA 
. .triplet) ; . and altered - the, . .Mlul restriction-site 
.(underlined)., After growing up the pool of duplex 
. DNA from the initial transaction with heteroduplex, 
the DNA was restricted with Mlul and retrans formed ta - 
enrich for the desir^phGHr "(1-238) plasmid prior n6] 
^i||^eiu^ ■ • -; '■■ ' • v -;->'-V 

It was subsequently determined, by DNA sequencing that 
the cloned hGH ^ binding - proteins "in phGHr (1-238) 
contained a T51A mutation which arose either as a 
cDNA variant or as a cloning artifact. The A51T 
revertant was therefore to be identical to the 
published sequence (Leung, et al., (1987) Nature 
(London) 330, 537-543. The purification and binding 
properties of the proteins containing either Thr or 
Ala at position 51 were indistinguishable (results 
not shown). The Ala51 binding protein variant was 
selected for all subsequent analysis because it had 
been characterized more thoroughly. 

To compare the specificity of the recombinant hGH 
binding protein from E. coli with the natural product 
isolated from human serum, the affinities were 
determined for wild-type and various hGH mutants: 



• as- ■ ■ 
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Table X(B) VH/ ^ . ' ^ni^S 




R64A . 
E174A 



:;0.27±0.04 . 0.49±0,11. : 0.16±0.01 ... Q>4±0>:1>-: 




b ' Reduction in binding a£^ n ^,. c ?t 

constants fB^tn^JKeHiflfutainEt: im^naxi^en^^^^^?^^ 

protein. . : -' 

c Ratio of dissociation constants -for the two hGH binding proteins with , 

given hGH type. - . 



O 

C) 



Both proteins formed a specific stoichiometric 
complex with hGH (Fig. 24) . As can be seen, the 
affinities for wild- type and mutants of hGH are 
nearly^ iaentifc^^ proteins 
(right side column, supra ).. The recombinant hGH 

/ binding protein lias a marginally Higher" affinity) ; 

^cdmpS^ 

This may reflect £th% Ogreater purity, arid . homogeneity 
of the recombinant^ .protein.^ Both . .proteins had 
identical specificities as shown by the changes in 
binding affinities for four alanine mutants of hGH 
that disrupt binding to the ^ hGH binding proteins 
(Kd(mut)/Kd(w£) supra V . The f affinity , of hGH t f oir the^ 
T binding..prA^^^ 

/ iift)^' was^'y.iri£ua ^e3Min^ittg^filer ; 

Gln238 (0.40 ± 0.03 nM) indicatingod the^^^a^E|4^S- u .. 
residues . , ( incliiding the seventh cysteine; -oiiri:^0MB^- 

• Example -4 - — — ^ 

Receptor and Monoclonal Antibody Binding Assay .. 
Purified hGH or hGH variants (over 95% pure) were 
assayed for binding to the soluble hGH receptor of 
Example 3, Laser densitometric scanning of Coomassie 
stained gels after SDS-PAGE was used to quantitate 
the concentration of the purified hormones* These 
values were in close agreement with concentrations 
determined from the absorbance at 280nm 
(e2go°* 1% ~ 0.93). The dissociation constants (Kfl) 
were calculated from Scatchard analysis for 
competitive displacement of [ 125 I] hGH binding to 
the soluble gGH receptor at 25 9 C. The 125 r hGH was 
made according to the method of Spencer, S. A. , et 
al. (1988) J. Biochem. 263 , 7862. 
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—tcf^ss^ t&* 1 ^£h^hg^^^eigh t -di^f fe re^^• I aonoclonal 
- -antibodies JfoncvaM^^g^t^i^efea^nd 
• ! ^idufe-s^s^itutecr hGH; variants.;:'- The .following .are 



' th e Mat>s- r Used : 



...» "it-S'V'O 



stfffcw-?' i^fc^rvKi^. frfr t. So^rr* /Method 



, I cat# H-299-01, i)c M f dix ^iotech, inc. 
• ' V, 5 Hybrxtech, Inc. 

1° ... ...... ,..,c,|-. : cat* H-299-02'- CMedi*: Biotech, Inc., 

:,.x.,;xd e^^Mab^S?^^ Ch^icon i;r , , ,,^, <£ , _ 

7 Mab D v*r . . s ..... . ... 

•) U-^si'S BibB ^c^i ; ;^. ■"-<■».-'• 
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Rabbit polyclonal antibodies to hGH were ******* 
purified and coated onto microtiter plates (Nunc 
plates, interned, Denmark) at 2 ,9/mL <*™ al > 
0.005 M sodium carbonate P H 10) at 24- C for 16-20 h 
Plates were reacted with 0.1 ^/^ of each *GH 
variant in buffer B (50 *H Tris [ P H 7.5], 0.15 
Mad, 2 mM EDTA, 5 mg/mL BSA, 0.05% Tween 20, 0.02% 
sodium azide) for two hours at 25-C. Plates ^ were 
washed and then incubated with the indicated Mab 
which was serially diluted from 150 to 0.002 nM xn 
buffer B. After two hours plates were washed, 
stained with horseradish peroxidase conjugated antx- 
*ouse antibody and assayed. Values obtaxned 
represent the concentrations (nM) of each Mab 
necessary to produce half-maximal binding to the 
respective hGH variant. 



25 



^eompefcitiveiaisolacerosi^ 

were- carried: r < out by ^immobilization O of wild-rtype hGH 
in' inicrotiter • : plates- ; coated with • anit-hGH rabbit 
polyclonal antibodies as described . f Receptor, (fixed 
at 10 nM) and given anti-hGH Mab (diluted oyer a 
■range..,, of ; ; . -ISO^^o^^poz eM)/ V#X&< i && &&*& : :' *°islr he nGH 
coated microt iter plate for 16-20 hours at 25 *c, and 
unbound components ; : were washed away J ' $^he amount of 
bound receptor was quantified by adding an anti- 
receptor Mab; r that' was conjugatedj -io horseradish 
peroxidase which: P^d? not interf^ej«%ith| binding 
between hGH and t£e} receptor . s £j|he normalized 
displacement value was calculated from ratio of the 
concentration of Mab necessary to dispI"acS';50 % . of . , the 
^ec^tor^o^he^ 
necessary to saturate hGH on the plate. . This value 
was used to compare the relative ability of each Mab 
to displace the receptor. 

Example 5 

Active Domains for Somatogenic Receptor Binding 
The 17 segment substituted hGH variants described in 
Example 1 and Example 2 were assayed for binding to 
the soluble somatogenic receptor of Example 3 and 
binding to the monoclonal antibodies as described in 
Example 4. The results of the binding assay to the 
somatogenic receptor is shown in Table III. As can 
be seen, the segment substitutions that are most 
disruptive to binding are within regions A, C and F 
of Figs. 4 and 5. These regions were further 
directed into smaller segments to further localize 
the active domains of the hGH molecule involved in 
binding to the somatogenic receptor. The most 
significant results from Table III are shown in Fig. 
4 which is a bar graph showing the relative reduction 



in binding to the soluble hGH receptor as a 
consequence of the -.substitution of the indicated 

analogous .. sequences ..from, .the analogs lxPRL> . ... hPL and 

pGH as _shown. , Three ..active domains were identified 

s"'"' " as" regions T acid residues 

: .2. :::i 2 -19. # :54-;74. .and- 164^3.90 respectively... . These, r.egipns 

^ :: gfr* ''^^ 

P -s| ^■epresejitatioil of the hGH molecule^ , ; in Fig. . 5. .■ iyje^y.^ 



10. ' 



A S can be' seeriV; "the three active "domains, A, C and F, 
although discontinuous in the amino acid sequence of 
hGH, form a continuous region in the folded molecule, 
which divines the somatogenic binding [site on hGH i 



: : b|*inqf -|f V ^ eight ^f erW|t , ^onocgn^^^ 
ffSnti^odies : "to- .sp^Ific^gme^ 



^b^?& ;: "W.' specific" 'segment-suijstituted; 
variants is shown in Table XI. ^ 



O 
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TABLE XI 



ttab 



6 - 



hGH Variant 



wt hGHi m' ffM -i-b 
hPL(12-25) 
pGH(ll-33) . 
hPKL(.12-33) 
hPKL(12 ? .l?X ../ ■ 
hPRL(22-33) ' 
hPL(46-52). " 
pGH(48-52) .-.-v.. 
hPL(56-64) 4 • 

pGH(57-73) -:K>r? 
hPRL(54-74) 
hPRL(88-95) , 
hPRL(97-104) 
hPL(109-112) 
hPRL(lli-12;9) , 



MCA 



Hybr 
33.2 



Medix 
1 



Hybr 
72.3 



Medix 
2 



Chemicoh 



HCD 



0.* 

0.4 
0.4 

6:4 

:Q.4 

l 0.4 



0?.4 
.6.4 
H>100 
>100 
>12 
6.4' 
0.4 
0.4 



0.4 * 0.4 



>400 
>400 
>12 
>12 



0.4 
>12 
0.4 
0.4 



f 6,*l* 

>75 

ivs ; 

>75 
>75 

671 
0.1 ,, 
6.1 

'^OsStf-'' 
0.1,,. 
0.1 
0.1 



>75 



pGH(16,4;.190) ( 
pGH(167'^182r 

hGH (63 2 -46) 

N12A 

C182A 



0.4 • 0.4 



0.5 



0.4 

0.4 
0.4 



0.4 
0.4 
0.4 



0.1 

>75 
0.1 



Oi05 ? 

>50 
0.05 
>50 
>50 
6.05 
0.05 
0.05 
6i05 
,,0.05.,, 
0.05 
0.05 
.0.05 

Q.05 

673 
6:65 

>50 
0.05 



0.2 ' 0.2 ' 0.08 

0. 2 ?r^>2^» ~ 08 

0.2 0.2 0.08 

0.2 0.2 • 0.08 

• '0.2 0.2 ■- 6.08. 

0.2 0.2 • 0.40 

0.2 0.2 0.08 

- -0.2 0.8 - ■ 0.08 
:>200 

'6;2 
0.2 
0.2 
0.2 



>200, 
6.6 
0.2 
0.2 
0.2 



,;S>,08 

::r-^o.08 

0.08 
0.08 
0.08 



.0-. 2 
>25 



0.20 



0.2 

0.2 
2.0 



0.2 
0.2 
0.2 



>100 
0.08 
0.08 



MCB 



0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0:1 

0.1 

6:4 



>100 

o.i 

0.1 



With the possible exception of the pGH (167-190) 
variant, disruption of binding to each monoclonal 
antibody was dramatic and highly selective. Figures 
13 through 20 localize the epitope for each of the 
5 Mabs on the three-dimensional structure of hGH. Fig. 

6 comprises these epitopes to the binding site for 
the somatogenic receptor. 

For example, the hPRL (88-95), hFKL (97-104), 
hPL (109-112) and hPRL (111-129) variants do not bind 
10 to Mabl yet the other segment-substituted hGHs 

outside of these regions bound as effectively as 
wild-type hGH. Binding to Mabs 2, 3, 4, 5 and 6 was 
disrupted by mutations in discontinuous regions in 
the primary sequence but in close proximity in the 



folded hormone (see Figs-, 6 and 14 through 19) . In 
contrast, Mabs 1, 7 and 8 were disrupted by mutations 
^-aefSKfed -a- continuous, sequence! a;s -shownv^in. Fxgs . 

The regions disrupting -binding to a given monoclonal 
antibody were further analyzed by disecting .specific 
legment-lubstituted^ or 
Ijy Analyzing variants thatrrfcad common substitutions 
^thaV still -bbtirid ■ tW- the- particular Hahvfr , For : 
example, pGH (11^33) retained tight binding to Mab 4- 
yet hPRL (12-33) disrupted binding. Thus, the 
disruptive mutatiohs-in I the hPRt (12-33) -variant can 
be confined to residues not mutated in pGH (llr3;3);: 
N12V Ri6^2^ 5 ahd E30^ : ThisCset .can be-further 

Restricted- fc^NW ana? R^6^i^aus^o«h@ri^RL, : 

^^ta^iSh^m1*L & #2«25r can entirely iaccoun^^f or the 
-disruption in binding -to Mab 4 because.^hisui* the 
only mutation not in common with pGH (11-33). This 
was tested by substituting alanine for Asn-12. The 
binding of Mabs 3 or 4 to the N12A residue- 
substituted hGH variant was reduced by over 100-fold 
whereas binding to the other Mabs was unaffected. 

Using this set of hGH variants, it was possible to 
resolve the epitopes from all eight Mabs even though 
binding for most of these Mabs was blocked by a 
common set of mutations. For example, although hPRL 

(12-19) disrupted binding to Mabs 2, 3 and 4, other 
variants indicated that these Mabs recognized 
different structures. Specifically, Mabs 2 and 3 

were blocked by pGH (11-33) yet Mab 4 was unaffected. 

Binding of Mabs 3 and 4 was blocked by hPL (12-25) 

yet binding to Mab 2 was uneffected. Thus, the eight 



stantalbodifesr^may have^ .epitopesrnt feat : . overlap • -but^.,none 
superimposed. Mutations that disrupt? finding; , : are 
present in both helices and loops and are always in 
.« T Gi"o"se;:proximity in the folded ;hormpne> . 

* v;: Collectively im:^^ ?i9 ht M abs '■ 

a» cover; smost of e *he ; h^rmone , ..Howjeyer, there; ar.e ftfeill 
regions* wherer these: Mabs did; not .bind. - Epr example, 
three of: the 20 variants did not significantly 
. disrupt binding to any of the Mabs tested 
m (hPRI^(a2^33F,BpGJi? s(;48rS2), andyhTOL (12^1361) . ^ 

i?'c:.:Th%re^ are ^significant* differences; between; : , : the 
^^ntibbdy4&ep!itQp^s1- and, the- receptor- finding ..site. 

|||§£s^^ . : %fc^^^ : rMabs 

^^^■e^t^^i^is«sd^' "ifc that- rthe^eceptor ; has .pore 
^•^lerehce^o*^ c s>ibsti^itions in ^the hormone 

"• than do the Mabs. This is evidenced by the fact that 
the maximum reduction in binding to the receptor for 
any of the mutants is about 7 0-fold, whereas almost 
every antibody has at least one variant that causes 
more than a 1000-fold reduction in binding some of 
which may be the result of single substitutions such 
as N12A. 

Example 7 

Competitive Binding of Mabs an d shGHr 
Many of the variants which cause disruption of 
receptor binding also disrupt the binding of one or 
more of the Mabs. The ability of each of the eight 
Mabs to block the binding of the hGH receptor to hGH 
was therefore evaluated. Results of this assay are 
shown in Table XII. 
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T&RT:te XII 



Mab 50% binding 
to hGHf 



displace 502. 
of receptor 



[ 



Normalized displacement 
c one . for SO* displaceme 
cone . . for- SOX binding. 




Z 1 " 



10 



15 



As can be seen Mabs 5 and 6 are the most efficient at 
blocking binding of the hGH . .receptor . This is 
because these Mabs have antigenic determinants 
located in the loop from residues 54 through 74 and 
in helix 4 closely overlap determinants for the 
receptor (see Figs. 5, 6, 17 and 18). Mab 2 was the 
next most competitive antibody and it too shared a 
common disruptive mutation with the receptor (hPRL 
(12-19)). in contrast, Mabs 3 and 4 were roughly 
1000-fold less competitive than Mab 2 yet they also 
shared overlapping disruptive mutations with the 
receptor in helix 1. See Figs. 15 and 16. This 
apparent discrepancy may be easily reconciled if the 
mutations in helix 1 that disrupt Mabs 3 and 4 differ 
from those residues which disrupt binding to Mab 2 or 
the receptor. Indeed, one such mutant (N12A) 
disrupts binding of either Mab 3 or 4 without 
effecting binding to Mab 2 or the receptor. 



Mab 7 competes re 1 a t ively : s>t r ongly with the receptor 
for. hGH and it is disrupted by segment-substituted 
hGH variants that cause a minor disruption of 
rfceptor . binding,; e.g. , hPL (46-52) . t ^Thus, it 
appiiars that- Mab£ 2 and 7 sit on the Border of the 
^ecept^ 

give detectable displacement of the receptor, ahd as 
expected these contain ~ no > overlapping \ antigenic 
determinants with the receiptor. These/ competitive 
binding data taken together with the direct epitope 
mapping and receptor binding data strongly support 
the general location of the receptor binding site as 
shown in Fig. 5. / 



Example 8 W. 
Receptor Active Amino Acid Residues ^r.;c^>" A --S?-:v^-V;:" = 

The analysis of hGH in Examples 5 f 6 and -.7 implicate; 
the amino terminal portion of helix ^r ;: (residues 
11-19 y as being ' of moderate*" importance to 1 - receptor 
binding. In addition, residues 54-74 and 167-191 
were identified as being important to receptor 
binding. Identification of which amino acids in 
these domains which are active in receptor binding 
was carried out by analyzing a total of 63 single 
alanine variants. See Tables XIII, XIV and XV. 
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XIII 



r 



•Vari'anii" 



Ka (Variaiit) /K<j (wt ) 



wt * 
P2A r 
T3JTt 

. 14A -■ : 

P5A 
L6A 

S7AI " 
R8A_ 

F10A: 



^2A^ 

M14& 
LiSAa •: : 



A17(ftT) 
R19A 



0.34, 

o.3i; 
0:31" 
o.%s; 

0.71. 
0.95, 

o ;;6i 
o 

2 c ., j 0-> 
NE ,.' 

0,.f5l. 



0V24: 
0.37 



c lto 

.0^90 

2.1 

2.8 

• ^ L cj 
-1.2 



\I,1^6 



Q 
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, y TABLE XIV 



* Amino and scanning, of positions .54-74 i n hGH 

... Variant. K&CnM) .. variant/**!- WT 

WT, 0,.31 o >-° , 

?S5)5A oi|C. I.?;:;;: 

. ^'essa - 4. E.:;.V 

S57A Oi'48" 1-4 

158 A 5.6 . 17.0 

P59A 0..65. 1.9 

T60A NE' f . 



?H -A 
It} \^ 



„PlS;lA NE . . 

f&A ■■ :v; 

,K7. OA 0 i r 82 "'-'2 . 4;;". 

• :S71A Q . 68. 2V0 ;, 

N72A NE 

L73A 0.24 0.70 
E74A NE 



TABLE XV 

., ' Amino acid scann ingi jo£z pos it iqns^l 67^19 ^n^hCJ^ 



»-i 67A 0.26 . .. •••••»9?75 

K168A ' "0.37 _ 

D169A NE 
M170A NE 
D171A 2.4 



7.1 



KI72A 



4v6 * -:./•-•. '-t* 4 'tfWtf' erf;' 



V173A . NE 



E174A 



6.075 0.22 



-T175A ' • c, .' i c j-NE : ;. ^. . : ^'"'^.I'i kYXK^c 

xriaoa 0 34 l.u 

, , . .R183A \. . . .. °- 71 

■■^T-^si84A 1 -^-.o^r- ■ ; o^o ■ - 

- • • - - - V185A - v •• •-•'•-1-.-5 - • -4^.- ' " ' 



E186A 
G187A 
S188A 



C189A NE 
G190A NE 
F191A 



0.27 °- 80 

0.61 1«8 

0.24 °- 7 

NE 

NE _ 

0.20 0.60 



The substitution of alanine was extended to include 
residues 2-19 because of uncertainties in the 
position of the amino terminal residue (Abdel-Meguid, 
S. S., et al. (1987) Frnr. Natl. Ararl. Sci. USA , Mr 
6434). indeed, the most pronounced reduction in 
binding occurred for F10A (6-fold) followed by 
alanine substitutions at residues 4-6 at the N- 
terminus of helix 1 (see Fig. 21). Substantially 
larger effects on binding (greater than 20-fold) 
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d^cB&rred for': ' sp£fiif ie - alahin^i ^sub'stftiuteions; owithin 
■^tEe^S? -~tcT '7 4" loop " and " the carboxy terminals eguence 
ll^^9 IV ' ^- fHt rleveraf alinine variants binding was 
enhanced up to 4.5-fbld. ' The most ' dramatic example 
5 was E17^A which was located in the midst of a number 

of disruptive alanin^ mutations • Sees ^^.g^ 4, 7 and: 
- 21. - ■■■ ' ' - '■ ■■ . ■ ^^rc . ' 



f T" 



: The most disruptive alanine substitutions form a 
patch of about 25A by 25A on the hormone that extends 

10 from F10 to R64 and from D171 to V185 (see: Fig. 21) + 

: Furthermore, these side chains appear tdi be vfacing in 
the same direction on Hie molecule* For", example, all 
of thee alanine mutants , that mbst ef fe;ct4feinding on 
helix 4* (D171A, K172A^ E174A, F176A, I17,9A>,vC182A and 

15 R183A) ^are: confined 1^ l^three and one^^^turh^ of^;: 

"this helix, and- thei^ y side chains prbg^bfe^ from the 
same face of the helix; (see Fig. 21) J:;^;Based upon 

" this model, it was ''predicted that T175 and R178 

should be involved in binding because they occupy a 

20 central position as shown in Fig* 21. 

Although the T175A mutant could not be "expressed in 
high enough yields in shake flasks to be assayed, a 
more conservative mutant (T175S) was. Accordingly, 
the T175S mutant caused a 16-fold reduction in 
25 receptor binding. Similarly, although R178A was 

poorly expressed, R178N could be expressed in yields 
that permitted analysis. R178N exhibited a greater 
than four- fold reduction in binding affinity. 

The next most disruptive mutant in the carboxy 
30 terminus was V185A. Although V185A is outside of 

helix 4 r it is predicted by the model to face in the 
same direction as the disruptive mutations within 
helix 4. In contrast, alanine mutations outside the 



binding patch, or within , v it facing in the opposite 
direction from those" above (R167A, K168A, V180A, 
Q181A, . S184A /;;;; .E18^, ^?ia8A) ...generally, had no or 
little effect : bn-retieptDr^iniiingv v:v ~ 

A similar" anal^ir^pplied -^^SaSSine :"'iniPi^. in 
helix 1, albeit wM more moderate effects on 
binding. Within the helix,, the alanine subst^tutaons 
that most, disrupted binding were at residue 6 , 10 and 
14 which were located on the Jsame f ace of the helix. 
10 r The least disruptive alanine ' Mutations p9A,^N12A and 
LISA) were locatW o^e og,osi€e face of helix 1. . 
•I This -itf • lurlhlr cbnfirm|d - ■ 

Mabs -3^ aid ^ "whM ■ do 1 ' ^t,ic^npe^ ; wi^. ^^^tpr : ; ]: ^ 
" ? r~ ' m ' • ■ W ; r - ^ -£vQ- ■ • <t^g Table- - 

for binding ^ , hGH, both bxn^- to A"^? . ; . , ; .See. .JTable ,^ 
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o 
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Bindihg r of ' liGH 'and 1 ktanini'^arxantss^ %b -elght^' 1 ^ 
different anti-hGR monoclonal antibodies^ (Mab) >■«■ 



Hormone 



Mab 



3 4 : , 5 6 7 8 * 



hGH 
FlOA^ 
N12A 
15 8A 
R64A 
Q68A 
K168A 
D171A 
K172A 
E174A 
F176A 
C182A 
V185A 



0.4 
0.4 

...0..4 
0~4*_ 

.0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 



0.4 
0.4 
0.4 
0.4 
0.4 
0 ,4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 



A t 



0.1 

6.1 

>75' 

oil 

0.1 < 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 



.4" 



0.05 
0.05 

, >50 0.2 
0.05 
O.O5; 
0.05 



0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0;05 



0.2 
0.2 



0.2 



0.2 0.08 
'' 0:2' 0.08 
0.2 0.08 



0.2 



0.2 1,6 



0.2 



0.2 
0.2 
0.2 
0.2 
0.2 
2.0 
0.2 



0.08 

fej'lsS:' .•■4; 

_0,08 



0.2 0.08 



0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 



0.08 

0.08 

O.bV 

0.08 

0.08 

0.08 

0.08 



0.1 

0V1 ' 

0.1- 
0.1 

;:o:iv 
oi£ : 

■'OVlV 
0.1 
0.1 
0.1 
0.1 
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The relative positions of side chains within the 54- 
74 loop cannot be fixed in the model as they can be 
for those within helices 1 and 4. However, there is 
a striking periodicity in the binding data in which 
mutations of even numbered residues cause large 
reductions in binding relative to odd numbered 
residues. This is especially true for the first part 
of this region (54-59) and may reflect a structure in 
which even residues project toward the receptor and 
odd ones away. 
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^" »1»nir.» ».l«Hhlt e a >r. a v,r,»n»~» - 

' Several 'lines' of eVidence' indicate tifat trie alanine 
5 substitutions that disrupt the receptor binding- do 

4 :,nofc„do.so 3 bv.,c,^ 

"s^Cthr^ 
'"So* thejalanine, nuiants. t£rt. disrupt binding to the 
receptor as they do with hGHi See Tabie XII USSra. ; 

2 6 ^fc*Mte&,^ e ■ Jik iniLted 

effects,,, none. o,f , .the ; Mabs (K168A) .^w^- 
indicates that -binding to either the Mabs or 
receptors is disrupted by a very local pertabation in 
20 the structure of the variant. Moreover, the far UV 

circular dichroic spectra of all the hGH varxants 
O tested are virtually identical to wild-type hGH. 

About 20% of the alanine mutants (D11A, T60A, P61A, 
T67A, N72A, E74A, D169A, M170A, V173A, T175A, L177A, 
25 K178A, C189A, G190A) were not secreted at high enough 

levels in shake flask to be isolated and analyzed. 
Since genes encoding such variants were expressed in 
the same vector and expression was independent of the 
specific alanine codon, variations in steady-state 
* 30 expression levels most likely reflect differences in 

secretion level and/or proteolytic degradation of the 
hGH variants. Several of the non-expressing alanine 
variants in helix 4 are located on its hydrophobic 
face (M170A, V173A and L177A) as shown in Fig. 21 



wherein the hydrophobic side of the helix is 
identified by open shtdln|1" However , this is not a 

general .effect jJ^^^V s ^^^j^i^^^^$iST° 
.were tolerated on the hydrophobic face of helix 1 



(L6A, L9A and FlOA) and helix 4 (Fi76A and V180A) . 

±nU.. ! - ■ : •+$q i &&&*- &.1X3. yqijx&f.k- * ^fto^d;^;':.;: ; ^c:u;:-? 

In "addition, ' impa^red^xfressibi? -W h'GH variants-was 
^solelimes *^&&£*' ^^c^^^ -^^"iMM^.' " 
1 ac^s B ^e i 1:eflfil^ : w ; ^r aliSM^ (Sf lit^^f 
N72A, E74AV D169A, T175A, R178A) . Mutations such as 
T175S and R178N, that preserved the hydrogen bonding 
group W those sites / ; coii^ at 
levels below wild- type- The non-expressing C189A 
variant disrupts the carboxy-termmal 5 * disulfiae ana 
its counterpart (C182AJ was also expressed at: -levels 

^ a f^iot^iIo?^ 

^SalSnel^^ 

a loop structure ; Thus, low revels or express ion or 
■ non-expr es s ion; can "result from a ' multitude- of 

structurai effects but can be obviated by "isost'eric 

or isof unctional substitutions . 

The substitutions that cause a ten fold or greater 
effect upon binding (I58A, R64A, K172A, T175S, F176A) 
are likely to be directly involved in binding. The 
strengths of hydrogen bonds or salt bridges present 
in nature (Fersht, A. R. (1972) <T« Mol- Biol. 64 , 
AST, Brown, L. R. , et al. (1978) Fair. J. Biochem. fi8, 
87; Malivor, R. , et al. (1973) .t. Mol. Biol. 76 123) 
or engineered by site-directed mutagenesis 
experiments (Fersht, A. R. , et al. (1985) Nature 3JL4_, 
225; Bryan, P., et al. (1986) proc. Natl. Acad, Sci 
USA. 83, 3743; Wells, J. A., et al. (1987) proc. Natl. 
Acad. Sci USA 84. 5167; Wells, J. A., et al. (1987) 
Proc. Natl. Acad. Sci. USA 84. 1219; Cronin, C. N.,et 
al. (1987) J. Am. Chem. Soc. 109 2222; Graf, L. , et 
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al. (1988) Proc. Na< -T • ; >nad- Sci. USA 85 4961) 

overlap and range ^;^e^;; from 1 to 5 kcal/mole 
depending upon th^[jn^crj^ 
, s . reductions in binding fee energy of 0.8, 1.0, 1.2, 
5 . .1. 6 'an4 1.8 kcal/mol . (AAG bind ing = , + H ...H, Kd 
^ iYar)/Kd(w^) .^6u^&ft k> |br^^an«« subst! tub ions at 
=*f ... m mv^ 'and - R64, respectivelyr^The;, 
- ^energetics for burial of a hydrophobic side chain 
into a "protein tends to parallel its free energy of: 
10 transfer into ethanol (Estell, D. A., et al. (1986) 

^/; ;^ : sci e nce /233 , . . 659 ; ." Nozaki, Y. et a* . , (1980) in. The 
. ' Hydrophobic Effect (Wiley, N.Y.. pp. 4-21) . / ■ 

for F175A, F10A, F54A, I58A, and. V185A were 1.6, l-0/ : 
15 ' . 0.9*>1.7 and 0 . ? kcal/mol , respectively.; These- are- 
slightly below the predicted change in hydrophobic 
,. ...free; energy in going frpm Phe, He or Val to Ma or 
'""2^6";"" 2^4^ and"'l"o kcai/inol , " respectively. By this 
analysis the effect of the T175S mutant (AAG b i n ding = 
20 1.6kcal/mol) is larger than expected for loss of a 1 

methyl group (AAG hydrop hobic = 0-7 kcal/mol). To 
3 fully characterize the nature of the molecular 

contacts between hGH and its somatogenic receptor 
requires direct structural information. However, the 
25 energetics of binding of these alanine mutants shows 

them to be in the range of previous measurements made 
on contact residues in entirely different systems. 
In fact, the sum of binding free energies for these 
alanine-substituted variants exclusive of C182A that 
30 are most disruptive to receptor binding (-13.2 

kcal/mol.) is comparable to the total free energy 
binding between hGH and its receptor (-13 kcal\mol) . 



15 



' *" ' ■ "■ """""" ' ; ----- Example "Id 



^ Reactivity of hGH Variarits, with ^ ;,. ~\ 

* ' int^SliiGH PolvclSrta^- "'A^i'boBies ^ / 

"[ The hGH variants hPRL (22-33), E174A and hPRL (88-95) 
5 V were tested iil^leight giin' assay, jnie results 
..of that assay are presented in Fig. 22. as can ue 
■ ■^^se®Sail* < lle : '. varia^ts^^xcept^hPRL f <2f2^33) ^ave ; ,a * .-. 
; '? '*£ educed' potency' aftfcr' about' 14" days "of growth. Tne : ,. . . • • 
" eve ling off/ of growth is attributed to the ^ * 

10 !' development of antibodies to the various growth ■ w 

hormoh^^ 

■J;.;. -.S .^thSt^ '•^^hPRL' ^(ii-33l valiant" ^t^it, :.. ||; ; / ■ 
induce growth' suggests that it is not as immunogenic . 
; „u T.T-? i /^_4-inii» Vi«w nr the other variants used. 



as wild- type hGH or the other variants used. 

■ ■> ■M^im tompar^son. ;/ of : k the reactivity , , of yarious hGH.; 

? ^a^ianls : with human and . murine serum; containing 
'J^Jptip^ to _HGH is .shown in ; Table" XVII . 



0 



PQEAMS8 



Serum Anti-hGH Antibodies Binding^dnbGH Variants 



Average X of Reduction 
of Ant£- Pro tropin. 
.Binding,-* -SD 



1..;...-.. .. r ,.«Mn4^A ' Hp-'iov ^ ■- » nys^ii#£*£Mte*?* 

hPRL 12-33 79 ± 19 " J }? 81 - 33 

hPL 12-25 35 ±19 16 ± 11 81 

hPRL, 12-19 „ , 2?,± 20 ! ; •ll:|.l?..- ^-/U^t^-v.. ioo • 

-- hPRL 22-33 69 ± 15 38 ± 8 100 • - " - , 



hPL 46-52 6 ± 8 



2 ±4 10 V 0 



10 0 



• ■ hPRL 88-95 14 ±^f £ . ^ts* $ft *fr£isf 

hPL 109-112 10 ± 11 k 9 ± 9 , 24 ■ . I* 

... - hPRi 126-136 • 8 ± 42 - 2 ±~2 " iy 

C182A 1 ± 5 1 ± 3 5 0 - 



As can be seen, variants containing substitutions 
within the region from residues 22 to 33 have 
substantially reduced binding activity, and in some 
cases no activity, with individual human and mouse 
5 anti-serum for wild-type hGH. 

Except for the variant pGH 57-73, variants containing 
substitutions in the other regions shown do not have 
a significant reduction in reactivity. Since the 
segment substituted mutants between residues 11 and 
10 33 retain their ability to bind the somatogenic 

receptor, such variants demonstrate the production of 
variants which maintain the ability to promote 
somatogenesis but have another property whxch is 



modified, in this cfis# ^reactivity with anti-hGH 
polyclonals antibodies J *.&-l*yM} -*aA *? CM --i 

Example 11 , . . 
Relati^Hsnro Between and 'Potency- - - ■■ 
A semi-flog plot, of the ; ratd-o of K^r .(y.ariant) /K,j (wild 
typWy^or specif ic hG^ir^Ml^^iisMS^the potency of 
such variants •;. in a rat weight gains assay is shown, in 
Fig. . 23 . As Scan be seen a linear \ arelationship 4 exists 
which suggests that a decreasedrbinding . affinity 
for the somatogenic receptor wil* ^result in decrease 

in potency. ' 

0 . ■' ±- R. ''8 ± & '" ■ ■■ Zlii- \ .. , 

^s ca© be seen, the hGH* variantt El^A has^ .a? higher : 
binding affinity for the -somatogenic receptor-- -than 
: the twiid-type? hGH. - Itsv ; ^o:tency^:i^ 

Stia^ of ' wild^type hGH bpabW : i2$#>* v ■■^■r^m^^ 

Further, the Ji variant pFRir (97-104V has ,; essentially 
the same binding constant as wild-type hGH but about 
a 2. 7-fold increase in potency. 

Example 12 

Active Domains in hGH for Prolactin Re ceptor Binding 
Human growth hormone (hGH) elicits a myriad of 
physiological effects including linear growth, 
lactation, nitrogen retention, diabetogenic and 
insulin-like effects, and macrophage activation. R.K. 
Chawla, J.S. Parks and D. Rudman, Annu. Rev. Med. 34, 
519-547 (1983)? O.G.P. Isaksson, et al. (1985) Annu.,, 
Rev. Phvsiol . 47 . 483-499? C.K. Edwards, et al., 
(1988) Science 239 . 769-771. Each of these effects 
begins with the interaction of hGH with specific 
cellular receptors. iJ.P. Hughs, et al. (1985) Annu. 
Rev. Phvsiol . 47 . 469-482. Thus far, the only 
cloned genes whose products bind hGH are the hGH 
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.receptor, from liver (D.W. Leung, et al. , (1987) 

'^"^^cl^n^'ln^RL) ' rlceptor" 'f^om katokry'^gland . 
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Receptor "spillover" 6r hGH onto the hPRL receptor 
has clinical precidence* in cases where acromegalics, 
who produce high levels of hGH, develop a 
~ ; ,,hy^erprplactinemc ^ •s^tobme^desp-it.e- ...-haying. ^no™al 



'levels "of;' hPRL ( J . E Fradkih , et al., (1989r ■ &m 
Wr.«l . J. Med . 320. ' 64 0-644 ) . However , other 
; preceptors., exist ; th^ ' bind ^ hGH . , including _ the 

; r^'paacen^FlaSollv <* •' '\ !* S *3**5£ ■ et ■ 

^ 3 S;" ; Wln^*i i865-a872V^ It 

^ ■ ^%3-eviously was "not "known ' if "the Binding siUeV \oh hGH 
for these, receptors are identical or which receptor 
v for "combination, -of. preceptors) is responsible;, for v v , 
which pharmacological . Effect; T *\-$g^:^$ifc 
these issues the hGH and hPRL receptor -finding ^iites 
on hGH were mapped* The results obtained indicate 
that these receptor binding sites overlap but are not 
identical. This has allowed the rational design of 
receptor specific variants of hGH. 

The hGH and hPRL receptors contain an extracellular 
hormone binding domain that share 32% sequence 
identity, a single transmembrane domain, and a 
cytoplasmic domain which differs widely in sequence 
and length. The extracellular binding domain of the 
hGH receptor has been expressed in E. colj and has 
identical binding properties to that found naturally 
30 as a soluble serum binding protein <S.A. Spencer, et 

al., (1988) -T. Biol. Chem . 2 63, 7862-7867). 
Similarly, the extracellular domain of the hPRL 
receptor has been expressed in B- coli and purified. 
The hPRL receptor fragment extends from residues Glnl 
35 to Thr211 and terminates just before the single 
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15 



20 



. to,., its fullr length s receptor Vt . The gene encoding the 
hPRL receptor used in .the experiments was kindly 

r ; End^crinolog^^ Mc^ll; xmiversxty, Montreal, Canada., 
v :: This DNA sequence was: obtained from , a human mammary 
„;; T ,cDNA;:iibrary and ld^ntified; ; wi^h^ a rf probe^^overxng 
*^^known;^nserved regio"ns ?, amongst ' cros s^species ^embers 
' of the prolactin receptor family. See e..a;. , Davies, 
' J.A.V et! al.,: (1989) MoY'. Endrocr inoloqY ^?f? 68 .° V 
\ Edery„ . ; et ,al v (1989) Proc. Natl . Acad. Sex. ..-PSA 86 
. , 2112-2 116 ?.. JoIicc>eur, et al . (1989) moi. 



Endrocinoibay 2,- 895-900 . These truncated and highly 
■ • ••• - -i-i ^.-.j .~~4-„>*«- -,-r-a, oYfroTiieiv useful reagents r or 



s-v rapid 'arid . ~ 
mutants of hGH. 



' pftlationsbVp "'between* "hPTRlT and hGH gecentor' binding 
sites . 

To determine if the epitopes for the hGH and hPRL 
receptors overlapped we analyzed whether or not the 
hPRL receptor fragment could displace the hGH 
receptor fragment from hGH (results not shown) . 
Indeed, the hPRL receptor fragment competed for the 
hGH receptor binding site with an apparent Kd of 1 
nM. This is virtually the same affinity as that 
measured by direct binding of the hPRL receptor to 
hGH (results not shown) . 

Eleven of the segment-substituted hGH variants from 
Table III were used to localize the epitope on hGH 
for the hPRL receptor. The hGHA32-4 6 variant was 
also used in this experiment. The approach was 
similar to that used to determine the epitope on hGH 
for the hGH receptor as previously described i.e. by 



25 



30 



the disruption in binding of variants of hGH except 
that the receptor was hPRLr rather than hGHs. The 
results for the above twelve segment-substituted hGH 
variants are summarized in Table XVIII. 



Table XVIII. 



Binding of hGH variants produced by homolog-scanning 
mutagenesis to the extracellular domain of^ the^hPRL 
receptor (hPRLr) > . Mutants are named according to 
the extremes of segment substituted from the various 
hGH homologs: pGH, hPL, or hPRL. The ex act 
description of the mutations introduced 1 ?„9iven by 
the series, of single- mutants separated by commas. 
The component single mutants are designated by the 
single letter code for the wild-type residue followed 
by its codon position in mature hGH and then ; the 
mutant residue! Mutants of hGH were produced and 
purified as previously described herein. Binding, to 
hPRLr was measured essentially as described f o?. the 
hGHr (Spencer, S.A. et^jO^ (1988) J *\°\' C ^2 
263T7862-7867)' except that affinity P^ lf * a **£ 
polyclonal antibodies raised against h ^ 0 w **J 
used to precipitate the hPRLr ' complex with Gibco^ BSA 
(crude) Is carrier protein. Standard deviations an 
values of k 6 were typically at or below 20% of the 
reported value. The relative reduction m binding 
Affinity (K D (mut)/K D (hGH)) for the hGHr was taken 
from T^ble III herein. The change in receptor 
preference was calculated from the ratios of the 
relative reductions in binding affinity for the hGHr 
to the hPRLr. WT = wild-type. 

— ■ " " ~ ~~~~ Change in 

receptor 
hPRlr hGHr preference 

Mutant Mutations v K D ,(niut) Kp fmut) bGHr_ 

T^T Introduced Kn(tJM) ^ (hGH) hPRLr 



WT hGH none 



2.3 (1) (1) CD 



(11-33) D11A, M14V, 852 370 3.4 110 

H18Q. R19H. 
F25A. Q29K, E33R 

P (48-52) P48A, T50A, S51A, 2.0 0.9 2.8 0.32 

L52F 
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Table XVIII. (Continued) 
(5.7-73) S57T, T60A, S62T, 167 73 17 4.3 



N63G; R64K, -E65D; 
T67A .K?PR; v N72g,,, - 
L73V 



-^ri'hGH : v^a'ft jo- £xfc ,xif£, ;: ^t-g£rf' ■ ifeaoffil£^ 

• - * ~ 14 6.1 «£> 



Deletion of 14 ^ 

----- reisidW ^32~t:6 46 



*\ nPL 

: :' (46-52) Q46H, N47D, P48S, 4.4 1;9 7.2 . -0.26 

(56-64) E56D, R64M 4.1 1.8 30 °' 06 

tms^^iCi. Hits 'r$Bd.3: sts&Qpii® oals. ; 
■ '* mJ : B®stel9 )f oaN:ii2 : R^M14Vte^ 

(22-33) Q22N, F25S, D26E, 168 73 0.85, ,;85_ 



o 

6 



hPRL 
(54-74) 



hPRL 
(88-95) 



F54H, S55T, E56S, 2.5 
I58L, P59A, S62E, 
N63D, R64K, E66Q, 
T67A, K70M, S71N, 
N72Q, L73K, E74D 



E88G, Q91Y, F92H, 3.8 
R94T, S95E 



hPRL 

(97-104) F97R, A98G, N99M, 12.1 
S100Q, L101D, 
V102A, Y103P, 
G104E 



111 



1.6 



5.2 



69 



1.6 



0.02 



1.4 1.1 



3.2 



hPRL 

(111-129) Y111V, L113I, 
K115E, D116Q, 
E118K, E119R. 
G120L, Q122E, 
T123G, G126L, 
R127I, E129S 



2.6 



1.1 



1.5 0.73 



WT hPRL none 



7.6 



3 . 3 >100 , 000 



As can be seen _pGH (11-33). P GH (57-73) cause 
large disruptions" in *hPRL receptor binding affinity, 
whereas pGH ,(48-52). .. has , no ef feci^. Unlike theFfhGH 
receptor , the hPRL receptor will. . bind hPRL" and hPL 
but not pGH. As expected; ^vifBial^gall of the 
substitutions tested from the binding competent 
hormones, hPRL or hPL, did not disrupt binding, ^he 
only exception was'* ' hPRL •■ (22-33^^w|^i^ '' ; caused"-/ a 
>70-fold reduction in binding affinity for the hPRli; 
receptor. Thus, the hPRL receptor, is. very sensitive 
to mutations in hGH near the central portion of helix 
1 and the loop between residues 57 and 73, :\ ■' 

The homolog-scan -. data also suggest that the hPRI^and;/ ; 
hGH^ receptor " ; epitopes ^ %ri vi;no€*toe^ca^b^^^-:; 
' several segment substituted variants ■;. causey vhuge;^ 
" changes in receptor binding preference •{Table^^p^irf r ' 
, For example, the disrupt! oivf in ■■^^§prL^6a.n^^:PYr:^&- : ~ 
pGH' (11-33) or hPRL (22-33) are about 100-fold 
greater for the hPRL receptor than for the hGH 
receptor. In contrast, the hPL (56-64) and hPRL 
(54-74) have almost no affect on the hPRL receptor, 
whereas they weaken binding to the hGH- receptor by 
factors of 17 and 69, respectively. These 
preferential binding exfects (along with binding of 
monoclonal antibodies as previously discussed) 
further substantiate that reductions in receptor 
binding affinity are caused by local "and not global 
structural changes in the mutants of hGH. 

The specific side-chains in hGH that strongly 
modulate binding to the TSFRL receptor were identified 
by alanine-scanning mutagenesis and homologous 
substitutions. The hGH varients shown in Table XIX 
were prepared. The hPRL substitutions, F25S and D26E 
cause the largest reductions in binding affinity (21 



and 4.5-fold, respectively) in helix 

P^^--- «^re ° s h r h e r 

-n?**— -2S&y- • ahd-r- are --on the — same 

in helix 1 HIS, and «-t 

Bkm^der effects on bindin^^ ^ 

residues and T50A, priding; this 

are nearby and v do not af «ct hGH receptor binding 
wire tested. The .est disruptive; mutants are X5» 
£*• *64A which^educed binding ****** 32 
|!|old, respect; the!<#her ^ mutations;have 

negligible effects. ' • ? * ; ':v"l*f 

: H:- fact ^tha^kix^ ^df theW J# Wion Jtf|||. 

Itai^r st^ind^. ^ 

. , vol i v '4. because this neii* J - 

receptor, implicate helix 4 ceca ^ 

^ el ^nw t ^ ; — ^7 r 11; 

Xndeed, to Cl" trough Vl 35 

between a disulfide linked to 

reveals strong binding determinants (Table 

most disruptive mutations extend near ly f °- 

turns, from R167 to »7«, and are located on the same 

hydrophilic face. 

Table XIX. 

Binding of single -gg^J*™. ^Sts ?f 5£ 
receptor fragments (£PRLr or h GHr ^ eviously described 
were prepared |1 9 # and E33K which were 

except for Q22N, F25S, D26E, Q2» JJ£^ ( Cunningham, 

produced ^y^VA" S?89) l^llV 
B.C. and Wells, J-A; ---- ^^^ r Ac ^s Res. 

Zoller, M.J. and Smith, M \/*|?na assays and mutant 
iO, 6487-6499). Recector * s ^| s Data for 

nomenclature are described in Table XVII hGHr . g 

l^jfr^l^ determined. 



j. Tab Xe XIX (€ont ihued). 



hPRLr- 



Mutant 



Kpfmut) 



I ;: - .1 .-: Change ■ in 
„. -r,^.. receptor 



hGHr 
hPRLr 



ok: 



vWT hGH. 
P2A 
T3A 
P5A 
L6A 
S7A : 
V F10A C . i 
N12A 
M14A 
LISA 
H18A . 



F25S 
D26E : 
; Q29S . ■ y 
E33K 



2.:3 

1.3 
3.4 

2.5.; 

1.3 
1.2 
3.9 



m ■ 

0.6 

.•l-;.5--. 
5 .1.1 

J„ x .3,..5. 
0.8 
0.6 
0.5 
1.7 



0.9 
> 0.9 
2.1 

2i 8 

,5.9 



;.;Q.s. 



:v2;..lu, ; , 

48 

lo-^::^' ; ! 4> 5 . ; 
:.3>2 Tr .,, ::: , ; i : ^,: 



1.8 



0.8 



"V 0.7 

■ - 1.7 
0.5 

w „ - ' o ; 6 

1.3 :■ ;v-*:. 6.4 

: 1.6 v . . ... 0>-6; • 

, ; i„, nd . : ; - - 

ND 



Q49A 
T50A 
F54A 
I58A 
R64A 
Q68A 

R167A 

K168A 

D171A 

K172A 

E174A 

F176A 

R178N 

R178K 

I179M 

V185A 



1.5 
1.9 
1.8 

73 

13 
3.1 

7.4 
58 
3.6 

143 
59 

129 
2.4 
6.7 
1.3 
3.9 



0.7 
0.8 
0.8 
32 
5.7 
1.2 

3.2 

25 
1.6 

62 

26 

56 
1.0 
2.9 
0.6 
1.7 



ND 

ND 

4.4 
17 
21 

5.2 

0.75 

1.1 

7.1 

14 
0.22 

16 
8.5 
ND 
2.7 
4.5 



0.2 
1.9 
0.3 
0.3 

4.3 
23 
0.2 
4.4 
120 
3.5 
0.1 

0.2 
0.4 



Functional contour ■ maps were derived based upon the 
location of the mutations in hGH that disrupt binding 
to the hGH and hPRL receptors (Fig. 28) . The maximal 
extent of the epitope for the hPRL receptor 
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■ ' as $%Xda rial CSZ & *ar«»*i«:s«r.i «2rfT .&I©2:-£)£ 

" *«imi«£4iek> isn^pp^»!^o b y.a^i^ ^^ s | ess 

^han &ai*wp r fpMi^¥C%iorv i^binding ( a £f fnity. , , ; By 
,- ^essentially, confine^, to the front f ace . pf , helix 1 

5 ^jfro^-Fip., tq^^ ?s,4 t B.i9 6 |.fe4l?ia the 

r hydrophilic face helix 4 f rom^l§^^ In 
contrast, the hGH receptor epitope (Fig. 25A) is 
•T ^comprised ^r^dues in thej^mino^^^ 
. W through the ; ^ronfe ; ^.f ac f , of helix, 1 ..from ^^rough ... 
10 .M14., the loop region from F54 through S71, and the ' 

., ;i,v, , hydrophilic, face 4 from l_ thrqugh . y 18 5. 

; &ns Although further mutagenic analysis w^i >^ necessary 

/■ -ifis^r Hfeh;i%,|ep^op c e i; ; gHf rlap§ iM^^t: % ° 

■ dispute them ?< sharing 32% . sequence. , identity 4o , r ^ 

"i;s*tex^acel^ domains. . s .v <i ~ t -rr'> " 

2 0 Residues that cause large changes in receptor binding 

affinity may do so by indirect structural effects. 
O However, it is believed that most of these disruptive 

O effects are due to local effects because all of the 

single mutants tested retain full binding affinity to 
25 a panel of 8 hGH monoclonal antibodies and often lead 

to changes in receptor preference (See Table XIX and 
infra ) and not uniform disruptions in receptor 
affinity. 



30 



pesian of receptor specific variants of hGH. 
A number of the single hGH mutants cause enormous 
changes in receptor binding preference (Table XIX) . 
The most notable is E174A which causes a 4-fold 
strengthening in affinity for the hGH receptor while 
weakening binding to the hPRL> receptor by more than 



Table XX. 

Binding of double mutants of hGH designed to 
discriminate between the hGH and hPRI* receptors (hGHr 
and hPRLr) . Mutants of hGH were prepared by 
site-directed mutagenesis, purified, and assayed for 
binding to the hGHr or hPRLr as described in Table 
XIII. Standard deviations in the determination of Kq 
were at or below 20% of the reported value except 
values above 10 M which were ± 100% of the reported 
value . 



20-fold. This represents a 120-fold shift in 

an#" A ii7lM) y c4aie d hG« &*$8§&eSmtkfa&J&*M rfedfcsthe 
a -- $pM^&4%tit. >m Typica$ gp**«fte ^flr^WilfialSX^e 
5 " ...^?gSfc«K2 changes' f< ln c; recIp'€of- • specif icity— are 

■ located "'^iii*'- the" non-overlap - regions- of the 'two .i 

• ^^^."^if ^Itsa&k^t^ ft -MS^a^Shgl®- ^ih^fecejteor , ■; h 
10 d ^bl!niing ^ee^ energ^ ' \fert Additive, ^t tcould^ be : ■ - - 

; possible'-' to design highly specific variants of hGH ^ 
;:u wit^ oilliy a few mutations.- Indeed, when the.two.most 
v-s^^^^p^v- ^-iecCive } single-' mutants CK168A^and 
. ^om^in^/^tni^^ 
15 : .receptor. 

- ,: ; C Jt§t||^^ be^ enhanc^^y, 

20 variants ''/KissA/M^^^ 

substantially reduce the affinity for the preferred 
receptor, hGH or hPRL, respectively. It is also 
possible to reduce binding to both receptors 
simultaneously. 



K ) 
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- Change 5 ^Sn 

^ t ,.... v ,, 3 «, a y-i -\ "-nv „ orec^ptor v 



10 



WThGH 2.3 

K168A, 1950 590' 
E174A 



0 . 09 0.26 



2300 




15 



20 



:V in1f#v#u^# n.Wto^iW'rg-s "reductions' - ihs ' - blntog ; 
£< " a^iSviW'^o"^ "hGH>ani ; hPRL receptors;, ;P ^u / ce.much ^ 

larger disruptions in affinity of 550- and 

15,000-fold, respectively. 

in all these instances the changes in the free energy 
of binding (^G bindin g) are strikingly additive 
(Table XXI) . Additive effects of mutations have been 
observed in enzyme -substrate interactions (P.J. 
Carter, et al. (1984) Cell 38_, 835-840; J.A. Wells, 
et al., (1987) Pror . Natl. *rart ■ Bet. PSA M, 
5167-5171), protease-protease inhibitor interactions 
(H. Laskowski, et al. in Protease Inhibitors: Medical 
and Biological Aspects, (1983), eds. N. Katunuma, 
Japan Sci. Soc. Press, Tokyo, pp. 55-68, and 
protein stability (D. Shortle, et al., (1986) 
Proteins 1, 81-89 (1986) ; M.H. Hecht, J.M. Sturtevant 
and R.T. Sauer. Proteins 1, 43-46) and, as disclosed 
in these references, are most commonly found when the 
mutant residues function independently and are xn 



-100- 



- contact, with. ..each. ,oj^ 

p^aijc^,, in the multiple mutants of hGH function 
independently. Such additivity creates an extremely 
' predictable situation for engineering- variants of hGH 
• with&idesiiabi^C ' rllc^tor' • ^(|i!?|^g ;4 ^«iiS^^ a, ^. d ^ 
— -s;p:ec±f icity-r-'^*---'-'-- — ^.m-^..^-*.-* ~— — — u ; 
fx; '- ' ' .■ ' .'fi-; : '. ■ . i .: ; e.'s ' asdT&- ' ■ 



Table XXI. 



Additive effects of mutations in hGH upon binding to 
the hGH or hPRL receptors (hGHr or hPRLr ) . The 
' change in the free ,energy of binding;^ (aa Grinding) 
for the variant relative to to wild-type hGH; was 
^ calculated from the . reduction^ in binding „ a|f in^f-y ; 
^ ^ :-aclSrding to M **qb&ifk* hW-X* VtX&Ql&t) /K D j;hGH) 1^ 
The values of (K D (mut) /K D (hGH) for the single -or 

XIII-XX. •'• '->-./. :■ ■ . -.V. ■ ,.. v. ,■ ■ v.; .;/ : ) v 



K172A 
F176A 

K172A, F176A (expected) 

(actual) 

Q22N 
F25S 
D26E 
Q29S 
E30Q 
E33K 

hPRI* 22-33 (expected) 
(actual) 

E56A 
R64M 

E56A, R64M (expected) 
hPL (56-64) (actual) 



+0.04 


+1.9 


-0.90 


+1.9 


-0.86 


+3.8 


-0.80 


+3.8 


+2.5 


+1.6 


+2.4 


+1.6 


+4.9 


+3.2 


+5.7 


+3.8 


-0.06 


ND 


+1.81 


ND 


+0.89 


ND 


+0.20 


ND 


ND 


ND 


-0.13 


ND 


+2.7 




+2.6 




ND 


+0.8 


ND 


+1.8 




+2.6 




+2.0 



••>->• : •••*••♦;*')'•'•»; - -. '■■ ^Chang^sjinl&ii^ 
'■ A ^ . energy , a AG b i n ding (kc%l/mol ) 
"^Mu^tiaoh - -hGH' ^hPRLrv.: : 



K168A 
E174A 

K168A, E174A (expected) 

(actual) -0.80 +3.8 ; ) 
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There -are a number bf other cases like .hGH where two 
f t or more -receptors or receptor: subtypes are Known to 
exist such as tor the adrenergic receptors' (for 
. review see K.J. I*fkowitz arid M.G. Caron (1983) 
5 Sioi^CiSB. 262, 4993-4996), The IGF-1 ""P*" , 

^ (M .A. Cascieri, 'et U., (1989) ^ M^:;. Mi. 

Si^ii^V II^2^ecep^rs.HR^-^W-*«>l'-' v 
o*, ^. Med. 166, 1126-1146, B.J. HQbbV et al. (1988) 
:.. „„_ „,„ «M. TJSA 85. 5654-5658) and ASP 

receptors (D. Lowe and b. Goeddel. "unpublished 

specific receptor function to • ~a specific 
. . & pharmacological effect. However, the use of receptor 
- specific hormone analogs ^ate-greatly amplify- «u* 

- at ■ ^cn^cttoSe: ^3renfegSc *efs#te* subt^s-ian*^^ 

■ ^iS^^^o*^^ (for 

> - rev iew see R.J. Lefkowitz, et al. (1983) »nn„. Bev. 
Sioch,,,. K, 159-186) . By analogy, the receptor 
specific variants of hGH should provide a key tool 
for identifying other receptors for hGH, and for 
probing the role of the hGH and hPRL receptors in 
the complex pharmacology of hGH. This - work 
represents a systematic approach to identifying 
receptor binding sites in hormones that permits 
rational design of receptor specific variants. 

T?v am ple 13 

^~~<~ 1 u,™»n P rolartin to Binn" to frimnn • growth 

Prolactin (PRL) is a member of a large famxly of 
homologous hormones that includes growth hormones 
(GH) , placental lactogens (PL) , and prolxferxns. 
Nicoll C.S. At. al. (1986) fnrlorrinol . Rev, . 7, 169- 
203. collectively, this group of hormones regulates 
a vast array of physiological effects involved in 



20 



25 



30 



c&j growth ,v differentiation - - electrolyte, balanq^ /]Y . and 
-•v others. Chawlay R> K. et.al. (19 83) Ann-. Rev . Med. 34/ 
- \ 519-547 : Isa^sonr - zO^G ^:. ; et.al. r --(1985) Anriw :: >Rev. 
v. r Physiol. 47, 483-499. These : pharmacological^ effects 
5 s^-d begin with binding : %pi t specif ic ^qelli ^a ih reegpfcors 
■ -^^^'FP5^^^t^^ f /^ hP^n%*;nds ^ jtp-"^the-; iacf ggf nic^^ut' *- not; . 
V? not, 
bone growth ; . : hGH'^can, bind tp; bbt^ the^c laot^g^nic and 
c i5 somatogenic receptors^and - stimulates both lactation 
10 and bone growth. The molecular- basis for the 

..; differences .■ in receptor binding, a spec , 
• v;, I -1: * understood ... . . net :v-?c*j*s ■ ? ^ 

■. :&a r&c<^ferilpcri ■ .and- iExpyes sAbn ; . a&feFRl» . .m^^^..*{ •• ■ ■ * : - • 

^ ^t^b^^lj^to^/ vrasd^g^s^E^B; ■ ii^gk^^^ 
^ ' • i'-ti^S!^ iricr^ ^T'echni'<traes';-^%,-: A>^£ractic^ 

UA;,^^ 49-78) by hybridization - (Mahiatis , T.y eth alV / 
eds. (1982) Molecular Cloning A Laboratory Manual 

20 (Cold Spring Harbor Laboratory, Cold Spring Harbor, 

NY) ) with oligonucleotide probes corresponding to 5' 
and 3' extremes of the published DNA sequence (Cooke, 
N.E., et al. (1981) J. Biol. Cheitu 256 . 4007-4016), 
A near full-length cDNA clone wis identified and the 

25 720 bp Bstll-Hindlll fragment, extending from codon 

12 to 55 bp past the stop codon, wa,s subcloned into 
pUC118. The sequence was determined by the dideoxy 
method (Sanger, F« , et al* (1977) Proc. Nat l. Acad. 
Sci. USA 74 . 5463-5467) and matched exactly that 

30 previously reported (Cooke, N.E-, et al. (1981) £^ 

Biol. Chem . 256 . 4007-4016) . 



The intracellular expression vector, pBO760 (Fig. 26) 
was created in several steps by standard methods 
(Maniatis, T. , et al., eds. (1982) Molecular Cloning 
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■ ,. ■ derived from pH.GH2P/7-l , (deBoer,, H.A.^ L et afc. {*? 82 > 
, s 4 ^ p^^ - ^* action, ,eds,; .^feguez, 
5 •.. r.l, Chamber 1 in,.;, , .(jaeger , ., f |f, . York) 

b»»^^2-#^ was W feufeo s #r.an f grife 1 fhe^^^ene. 
<f r. t r, The ••^ftPRL c.p:dijsg0^.equ'eng§i * *& bP 

- xbai^BstEII-synfe^ • 7^0 bp 

" ^ ..BstEII-Hindlll, fragment derived, Jrrom the ^ hPR^, . cDNA. 
10 The synthetic DNA cassette had; the sequence. 



. 3 ' - T - TAA - TAC - AAT - GGT - TAA - ACA- GGT - C CA - CCA - CGT - ^GT " TCC - AC A - GTT - C AC - TG , 

,-XTh^ and 
^ the^pBRSaSr^-l^tamase <gene .were, de^iyed^lrpm pB0475 

(Cunningham, B.C., et al. (1989) Science 243, 



15 .Tr~i>: 



1330-1335) 



/ 



^ E. coli cells (MM 294) containing P BO760 were grown 

) 20 at 37-c for 4 hr (or early log phase; A 55 0 - 0- 1 to 

0 3) in 0.5 L shake flasks containing 100 ml of M9 
hycase media (Miller, J.H. (1972) F x ^riments xn 
antics (Cold spring Harbor Laboratory, 
cold Spring Harbor, NY) ) plus 15 M g/»1 carbenicxllm. 
25 indole acrylic acid was added (50 „g/ml final) to 

induce the trp promoter. Cells were grown an 
additional 6-8 hr and harvested by centrifugation. 
Cell fractionation experiments showed the hPRL was 
located almost exclusively in inclusion particles and 
30 represented 2-5% of the total cell protein as 

analyzed by SDS-PAGE (not shown) . 



: --eo4>L04- ■ ■ ;: ' 

^^^ i< ^^''-i^^ ba i5 i 'i^' hPRi. ; . ^fer^'oi^ati^dt-^rs€iifei:ail.y 
'• : *Vs 'des'Sfibea^ 0¥£Mi«r , - : - -IftSS^a ert^a*<.we*3 8 6 ) .. 
• '^Bitfcftimi^jfe 
5 cell paste was Upended in 0.25- liters, 10 mM :Tris 

; "^^i^^o)^! n»«lit^$E^Bulf¥^J .and- ce^is-^re. srlysed - ; 
% d ' by '"'viigSroul'^s^fr^^ material 5 -; was . 

^ d 'c'oilected-'By cen%^fuga^on^(^ ' 
y'^resusplarided 'in' -iS^m*-' 6* TE- : buf f eri ' r The suspension 
10 was layered on a '0^2 liter cushion of 50% glycerol, 

and centrif uged at 9,000 g x 25 min to pellet the 
hPRL inclusion'; particles. The hPRL from the 
.' '": f ~inc^sion°^ar¥i£i^^a^ 
5 ml of TE buffer. 

15 ' The hPRL.: was refolded by solubilizing the inclusion v .\ 

chilled to 0°C and diluted with 844 ml of 'cold TE 
20 buffer plus 0.6 g oxidized glutathione. The 

solution was stirred slowly overnight at 4'C, and 
dialyzed with 4 liters of TE buffer that was changed 
three times over 24 nr. Insoluble material was 
removed by centrif ugation (10,000 x g for 20 min). 

25 The refolded and solubilized hPRL was further 

purified by precipitation with (NH 4 )2S0 4 to 45% 
saturation and stirred 2.5 hr at room temperature. 
The precipitate was collected by centrifugation 
(12,000 x g for 30 min) and redissolved in 5 ml of 
30 TE buffer. After 30 min at room temperature, the 

solution was clarified (10,000 x g for 10 min) and 
filtered through a millipore filter (0.45 pm) . The 
solution was dialyzed against 0.5 liters of TE buffer 
overnight at 4°C. The hPRL (85% pure) was finally 
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fait flow matrix essential** as described for 

ni ^rliy^g K fiG^'-^^ii^^^-^^^ W aT. - -(1989) ; 
Science 24 3, 1330-1335) . ' ' ' , 

^ .6 ^^^^^^ >-nf r 

tfox^k-tfr tw^Msy Bs^oc*? ,^u;r .ttf ..v-u ...... . 

Variants,. .. , ' .,».. ~ :• 

(1982) NucJ^ic_^ciM^es. 10, 6487-6500) was earned 
out with the aid of a methylation repair deficient 
*^m&i&' i & ll-islif Mu€ : % 0^a^r/B.v ^ al.-(1984) 
^^Blir ;? 38 .^gW^STf.- •^ddteona^?^nrichmen€ -for Mutant 

■ ^■••iMohubilolidll ■-. #ei««od^^e«^ : . a. 



0i, 



15 




^ applied" to the first pool of plasmid DNA obtained 
after transformation of the in vitro-generated 
20 heteroduplex. All oligonucleotides were designed to 

>> have 12 bp of exact match 5' to the most upstream 

i mismatch and 10 bp 3< to the most downstream 

mismatch. For mutagenesis of hGH, the previously 
described hGH synthetic gene contained multiple 
25 restriction sites and was cloned into the plasmid, 

PB0475. variants of hGH were secreted into the 
periplasmic space of E. coU (Chang, C.N., et al. 
(1987) Gene 5J>, 189-196) and purified as previously 
described. 

30 The of each analog was determined by competitive 

displacement of [^I]hGH bound to the purified 
recombinant hGH binding protein as previously 
described herein and in Spencer, S.A., et al . (1988) 
t mm. Chem. 263, 7862-7867. The previously 
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^^describedxhGH binding. protean (pontairiing, jes^u|s 1 
\ , : to 23 8 ,, of the eloped, , toian^ . ^iW" .receptpr ). ; was 
: / .s^crefced and purified ..from ? E. . Goliy as' described in 
Fuh, G., et al. (1989) (submitted). Displacement 
5 curves were generated in triplicate and the standard 

■beidw 20%* of "the^ r^rtei" Values; and dk,^ exceed 

■ , ;f 50% of ;the reporrted. value, , e.xc?e^ K<i J values ^ere 

greater than 10 nil. 

10 ; , : a The concentrations^, of. hPBL, and hPRI, mutants, were 
^determined, by- A 28 o^ uf ing^,,a ca^i^ed,^eKjfnc^ion- 

■ .A^.jcpef ficient rr of ?S (0.1%, 280) : - 0,9 XWetlaufer,; D. B. . ■ 

^j}::M^^^±^ : im^ms^M^?^ 

• ' '•'^•-deterMined,:. by^;absbrbanpe agreed/-. toy within j ; lp% to ' 
. • . : " deteriilined:^. . l|sir^4ensiAoih^try . _ of proteins . 

V run oh SDS-PAGE and stained with 'coomassie blue for 
hGH. Circular dichroic spectra were collected on an 
20 Aviv Cary 60 spectropolarimeter . 

In order to probe which of the divergent residues in 
hPRL were most disruptive for binding to the hGH 
receptor (Fig. 27), a number of hPRL residues were 
first introduced into hGH (Table XXII) . 



Table XXII. 

" ' comparison " of" hPRI> and alanine substitutions 
introduced into" hGH , . ■■■•'-"«•' 



hGH variant- • - Kai(nM) - • : - c |d ; ^g| - ; ' 



■rggi 5 6 .16 . 

R64A. 7.1 -'^1:}' , \i>? 3 £?. •. " 

F176Y 2 .9 8 * 6 

' ; F176A ' 5.4 ' -16-f^V 

R178N 2.9 '* 

r/ Whereas single 'alanine substitutions hGH a^. 

oositions 58, 64. 176 and 178 strongly disruptea 
positions 3 , . . ., .. ^4HOl5^*^ :: '^SftSS^-+«^-- 
receptor binding; substitutions of. hPRL residues into^ 

hGH at these positions had less of an effept.. The 
largest effects for hPRL substitutions ; were in the 
helix 4 residues that included positions 176 and 17 8. 
These data suggested that residues in the helix 4 
region of hPRL could best account for the lack of 
binding to the hGH receptor. 

The recombinant hPRL retained native-like structural 
and functional properties. First, the near and far 
ultraviolet CD spectra (Fig. 28) are identical to 
published spectra of natural hPRL (Bewley, T.A. 
(1979) in Recent Progress in Hor mone Research, vol. 
35, pp. 155-213, Acad. Press, N.Y.). The far 
ultraviolet spectra is similar to hGH, suggesting a 
similar 4-helix bundle structure, although important 
differences in the mean residue ellipticity at 208 
and 224 nm have been noted (Id.). These hormones 
differ markedly in the near ultraviolet CD which 
reflects variation in number and microenvironment of 
the aromatic residues between hGH and hPRL. In other 
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studies (not shown) , the recombinant hPRL retained 

full immunological cross-reactivity in an hPRL ELISA,, 

. H3fT- •o.*rv£ t*a»6^;r*rfc2^>- . •••• 
and was equipotent with hGH in causing rat lymphoma 

"" ito2'"^lsj;to p'r6iiferate^(Tiinalca; * ^7%J^^C^fgW0)r 
5 , J. .irij^^ Endo. Metab . 51 , 1058^1063) . Up°n 

retardation in mobility by 1 %iSHPAGE (as seen for hGH) 
suggesting that disulfide^ bonds had: fqrjned^ (Pollitt, 
S.'V et *al. (1983) J. Bacteriol . 153 . 27-32) . Amino 
10 terminal sequence analysis showed . . : that >the 

intracetlularly expressed ^ hPRIi • x6taifi^d^the-i'-aiSiri : 6:- . :':\ 

(Olson, K.C. , et al. (1981) Nature (London}^ 
% 408^411) > this does not apparently af fecfc - its ; ^ ; 

; ; ? Binding of hPRL to the hGH handing protein xs v 
. reduced by more than 10 D -fold compared- %tp ^ hGH 
(Table XXIII) which is below the detection limit of 
our binding assay. 
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Table XXIII. . 
Engineering residues in , hPRL to permit oina y 



' yd rmutV 




H17^PN^75TY136F A£$ft ' 
B « A + K178R ..,„.. 
B + hGH (184-188) - - 260 

.. hGH (54t74) : . v ^" 2 ?»£xS 
B + hGH- (54-74) .. 2 , 000 



740 v 
"66,000 
5,800 



■ , rE62S:iD6j3,N>^ 



... ^h. jP ^Hs^Ff S56E : 1.581* 



*8 ■ 

.•*we**#B ■+'aB*i«*&- sfc*; ^i&ft*.^3ygps*» •• 
D + Ao91r ■ -■• .11 



D + N7ilSa ^ 
D + L179I 



- :---^ : :-v :. 2.1 



, ,11 



o 

o 



Mutants of hPRL were generated, 

ESS S r,s?&s-s:^ 

the hGH sequence (Fig. 2) . 

2 A verage standard errors are at or below 20% of 
Ave "V -xcent in cases where the Ka 

the reported values, except m w , Rni an( * 

exceeds 1 /xM where it can be as large as 50%, . ana 
errors are iuch larger still when exceeds 10 mM. 
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combination, of threKiiiveigent „ residues in helix 4 

" from hGH "(Hiflb7 'N175T, Tand ¥176^" were introduced 

into hPRl. Alanine scanning mutagenesis and hprl 

substitutions " (Table XXII)- had shown- ' that these 

. 5 •; residues^e^ very; ■ important^ fpr^ bindaMg "hGH to" the 

hGH- receptor-*^ This : tr^iple^utan^Q^hHBIi 

^, . detectablmibinding to Y^tdie^hiGH binding pro^^^a^eit , : 

'• . - 14 , OOO-fol^ weaker thah'%GH . ; Sns^taia?offfSf another 

• important helix 4 residue (K178R), , .to produce -a 

10 ,.• tetramutant (called variant B in TabJLe ;XII1X further 

strengthened binding a,-. ^fy^^^^^^ 6 ^- ' " 

below wild-type .hGH. AdditionaKeimcorporatibn of hGH 

' residuesv, ^84 to^l88; 0 ^ 

enhance 1 'binding to the^hGH binding protein* however, y : , 
15 . introduction, of ^3.74A • .to^^ive;* 
'-v:'.- ' (TaSle yXXIII) '^^c^s>i:.win: 
in binding affinityjt|;the^ 

found when E17 4 A was -incorporated into hGH-''. • . (. 

Having engineered binding with the helix 4 region, 
20 the loop region containing residues 54 to 74 was 

analysed. Complete replacement of the loop region in 
hPRL with the sequence from hGH (hGH (54-74) in 
Table XIII) gave barely detectable binding to the hGH 
binding protein. When this mutant was combined with 
25 variant B, the binding affinity increased 

substantially. However, this new variant [B plus hGH 
(54-74)] was reduced in binding affinity by almost 
10-fold from variant B alone. Thus, it appeared that 
some of the hGH residues in the 54-74 loop were not 
30 compatible with the hGH substitutions in helix 4. We 

then selected from the 54 to 74 loop of hGH only 
those seven residues that were shown by alanine 
scanning mutagenesis to most greatly influence 
binding. Although the R64A mutation in hGH caused 
35 more than a 20-fold reduction in binding affinity, 



25 
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_ . vari ant . of . „ hGH ' (which . . is an hPRL 

°* substitution) . slightly enhanced, .binding to ; the , hGH 

-BCirriJX /^m. Y * T iV The £ys64 in; hPRL 

binding protein (Table XXlij . A * 4C • . . 

' "therefore was left .unchanged. As a consequence, only 

-liricorpo^^^ V 

:t^ 5 - : ^ t ^- 5^p^N:Q66E)^;bi^s fiftyrfold 
stronger than B plus hGH (54-74) and was only 110- 
10 fold reduced in binding affinity from wild-type hGH 

-{Table" XXIII)/ However, this ^ represented only a 

'■■*^d^l&rtW^ : t)^^.H54■F:S5^.:Ji58I Pl^ varxant; B bound 
three-fold weaker . than variant B alone, Finally, 
incorporating the mutations E62S:D63N:Q66E into 
variant C (to give variant D) produced an analog with 
highest affinity that was only 6-fold reduced in 
binding affinity relative to hGH. Additional single 
mutations (H54F, S56E, L58I, A59P, N71S and L179I) 
did not enhance the binding affinity of hPRL variant 
D to the hGH binding protein. The conformation of 
variant D was virtually indistinguishable from native 
hPRL by CD spectral analysis (Fig. 28) or by ELISA 
reactivity (not shown) . 

These studies demonstrate the feasibility of 
30 recruiting binding properties for distantly related 

homologs using only functional information derived 
from site-directed mutagenesis experiments. Alanine 
scanning mutagenesis of hGH provided a systematic 
analysis of side-chains that were* important for 
35 modulating binding of hGH to its receptor (Fig. 27). 
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This information highlighted a number of residues in 
" ' JiPRL that" coulcT * account * for 'its 4 iriab x 1 i ty ' to birid to 
the hGH receptor (Fig- 29) : ; However, further 
' " ^analys^s ''shcweci that £tie 'alanine ' s&ititutibns^ in hGH 
5 were mor^ disruptive tfian " the hPRL substitutions in 

hGH " (Table 1 "XXII r." v ^ "Furthermore ;-• some of the ~ fiPRL 
^Sublliluf^ ■a$2fi^f^m 

^rfp?^^ . --' '• 

i ^sideVcnaih"^^ preseM*. 1 ^'^!^^ ' : ~ For ' exatmpie r" the ' 

10 conservative (but larger) F176Y ' mutation in hGH 

" ' .fee- .v ••••£>.». ' ■ " ' .... 



15 



-caused ah eight-fold reduction in binding affinity ^ 
with the hGH receptor; : whereas the smaller R64K 
substitution showed, slightly enhanced binding 
■" -'-*V^V^>v A -im s r ' Vi^*;^tfirvs3:&- of ■' disruptive? hPRL 



iife^t^ r^.ofifSSis r.' r.^l^^-^^BlW^^of-.; disruptive -hPRL 

intr odu ct ion p f 
in hetl^x^^ to 




; : the cluster oof divergent residues ? a 

initially achieve binding affinity for hPRL.- . 
was very ; important -Because no binding to^ tne 

" v ^'"xecepto^ - wild^feype" ' hpi£^ hafd ; 'been' ob^Wi^fd^' ■ and ■ 

20 it was necessary to introduce several hGH 

substitutions simultaneously into hPRL in order to 
bring the binding affinity within the range of the 
assay used (K^ <50 /*M) . 

Readily detectable binding affinity was engineered 
25 into hPRL by incorporating functionally important 

residues into helix 4. However, engineering the loop 
region between 54-74 turned out to be more difficult. 
Installing the entire loop from hGH into hPRL 
produced less enhancement in binding than expected, 

3 0 and was disruptive to binding when combined with the 

optimized helix 4 variant B. Our data suggest that 
the 54-74 loop structure in hPRL is supported by 
other interactions in the protein. This problem was 
solved in stages. First, only those six loop 

35 residues from hGH that the alanine scan together with 



- -y^j . .. , v ... • PCM^i^!^^ 

■ . . «-. r'- -U' 
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^^ii^ant^e'^odil^ in^' hl&fcr* A^hoUgh 'this 
-Improved^ s^uMM, the^%inatlon ;so« of 
' these " hGH mutations" (narrowed down to H54 F ) S 56E > ' and 

" |S ' : L58I) --w& S disrupt!ve S ^ 

residue! i*«e ,lS^.JS^85?or 

■ ^ : ' i€s stoicW^I a^better^bf^ ■ 



A^rvumber of" i&r&ive* cycles'"' x>f ^afe^Wfs'-- Vere:. 
"necessary to converge upon a combination of residues 

* VaSintw*"" " "%is ^teff^lle^^' the' assmnjStaon 
. mutation enhanced the binding tnree t;o tj.y« ^wj. 

about the same as the disruption caused by the 
combination of all three mutations added to variant B 
20 (3-fold) . 

Even though variant D is only six-fold reduced in 
. binding affinity, there are several other residues 
that could be incorporated into variant D to try to 
improve further on the binding, such as V14M and 

25 H185V; these are sites where alanine substitutions in 

hGH cause two to five-fold reductions in binding of 
hGH (Fig. 29) . Although a high resolution structure 
would have aided in the design process, it was 
clearly not essential. The cumulative nature of the 

30 mutational effects allows one to converge upon the 

binding property in much the same way as proteins 
evolve, by cycles of natural variation and selection. 
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„,« Previous, protein f fingi^eering ; ...^x^ri^nts have shown 
it , ;> is .possible ,using .high ,. <v Maolut^on^^ statural 

specificity of natural variant enzymes by 
5 - s ite-dir ected ., mut agenes is"', of ' ''substrate contact 
residues (Wells, J.A. , et, , al. (1987) Proc. , ,;Natl. 
A cad. Sci . USA 84,. 5167-5171; Wilks, H.M. , et^al. v 
(19881 .Science 242 . 1541-1544) . ; Similarly, others 
have shown that binding properties, can be engineered 
10 . by replacement of entire units of secondary structure 
.,. V units including antigen binding ( loops : ( Jones, P.T. , 
et al. ,(1986) Nature 321 . .522-525) or DNA 
• recognition helices,. (Wharton, •.„ R. P,. , .... et al . ( 1985 ) 
Nature 316 ,601-605) . However", to , recruit the hGH 
n = receDtor binding properties: into hPRL required 

selective residue replacements- within the structural,;. 
csrta-Ffold of hPRL. Furthermore , .the CD spectral data 
. show that the overall structure ,pf the ; .hPRL variant D ;? 
. "resembles more closely the structure of hPRIi not hGH 
20 even though it attains binding properties like hGH. 

The fact that the binding specificity for the hGH 
receptor could be incorporated into hPRL confirms the 
functional importance of particular residues for 
somatogenic receptor binding. These studies also 
25 provide compelling proof for structural relatedness 

between hGH and hPRL despite them having only 23% 
identity. This provides a rational approach to 
access new receptor binding functions contained 
within this hormone family starting with either a 
30 growth hormone, prolactin, proliferin or placental 

lactogen scaffold. Such hybrid molecules should be 
useful for distinguishing receptor binding and 
activation as well as the pharmacological importance 
of receptor subtypes. These analogs could lead to 
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I r ; :ihe i design^ ;^^neworeceptor^speci£±c hormones shaving 
more r useful:: properties" as agonists"' or- antagonists?. 

; . L -' Exampre- 14 - '" ' : - '• ' ? - ; 

,. vr ^&aMtMent;:^.o£ bindihffi^iirdpert ve^ tpf ,*human^farowth 
5^ *m hgMon& ih^b^na^l&la^^ .i^o^iC^ 

;i " ^Kafifty^f old in- binding, Affinity compared fco^ihGH; for 
the hGH receptor (G. Baumanh* et al. ,' (1986) J; C\ in:. 
@ Endocrinol. Metab . £2/ 134 ? A. C . Herington; et al . 

£| m ^ &^a^<SRe.y L X SL. : iac^±n^ Ittv%S*g* r to 1817jU^ .Previous 

~~ J ^o^u^^enic^tudies showed T&h%riMhdingnsit;e: on hGIi: for 

. ^'o^r4th%%dff^ec^£^^ in-.^twolf^ions 

■■ l ''(includSn^Q«r^idvie'i ; -^54^74 )^and~ 17.^185;) awltli?tspme. . 
. minor determinants near the amino terminus (residues 
"■. 15 ' ' 4^14) i ' ^ ■ ;■■ ; -';>^^®S^M : "'-': " ; ' ^ " ^p' 

: r^cr J.f^ 

... .. 'jatoeX.oyeEal^ 

Within the three regions that broadly constitute the 
receptor binding epitope on hGH, hPL differs at only 
seven positions and contains the following 
20 substitutions: P2Q, I4V, N12H, R16Q, E56D, R64M, and 

I179M. (In this nomenclature the residues for wild- 
type hGH is given in single letter code, followed by 
its position in mature hGH and then the residue found 
in hPL; a similar nomenclature is used to describe 
25 mutants of hGH) . Single alanine substitutions have 

been produced in hGH at each of these seven 
positions. Of these, four of the alanine 
substitutions were found to cause two-fold or greater 
^ reductions in binding affinity including 1AA, E56A, 

30 R64A, and I179A. Generally, the alanine 

' substitutions have a greater effect on binding than 

homologous substitutions from human prolactin. 
Therefore, the effect of some of the substitutions 
from hPL introduced into hGH were investigated. 



:-ts s Whereas^; >u vthe rSMftfeq subsfeitution3realised& a- h2 .;7-fold 
.redutetiLprt in -affinity the. 117 9Mt,, caus ed ionl-y..- a;.~slight 
1.7-fold effect. However, the R64A and R64M 
substitutions caused . identical and much larger 

S^ptu^ ■ 

Moreover, the^/J^bl^^^ 
Ste?*&^^j^the?fi. redjieed ..-diVc^f finity?;;.by ft .(f total; of 
ao^fold >.(T*1»1«?*£X V#*i r,--.'.^us ;^;l5#&:faf*d' ^-.gj5 k 4ffcrpa^?^ifily. r -- : 
• i determine the . differences in receptor ? binding 
.: ; affinity; between hGH and hPL. The .double v mutant 
/.<k.5J3>56E', , M64R-;- in hPIii therefor^ ,sub?tanJtjUlly enhances 
iijV i?t;s r.l3i.nding- iiaf fandty £>&f qrd. . thev - hGH| -receptor . ■ •■ 
"ncxAdddtional modi f i«?at i onss such s* as- M-l&S*? ^and^AJl oai s o 
^^genhance binding o§fthPL{to-the,:hGg&^e^ 

; ; :;:v : :.; ... Example 15 ■ ; »'■•'■■■.■■.' .' ■;;/^''^|^a^V" 

.: " Effect of amino acid replacement at position 174 on ■ . 
.* i-ki-i: binding to the : human growth- hormone. - ■l>>£%&4^&r.?.&£ *' 

As previously indicated, replacement of Glul74 with 
Ala(E174A) resulted in more than a 4-fold increase in 
the affinity of human growth hormone (hGH) for its 
receptor. To determine the optimal replacement 
residue at position 174 hGH variants substituted with 
twelve other residues were made and measured to 
determine their* affinities with the hGH binding 
protein (Table XXIV). Side-chain size, not charge, 
is the major factor determining binding affinity. 
Alanine is the optimal replacement followed by Ser, 
Gly, Gin, Asn, Glu, His, Lys, Leu, and Tyr. 
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""""TaBle XXIV. 



sid^ -chain , vor? i Y?- vi 



yd fmutV 



Mutant* Charge Size(A 3 ) b Kd(nM)c Kd (wild type) 

• E174G 0 ^7 0.15 0,43 . 

-EV74A . 0 ~.— - 26 : - - .-, •• 0.075 - - - 0.22^ ; ..,., r _ ; 

'■•' E174S- ^^^^^^ - 0.11 0.30 

; El7l§"' a ' ? 59? NE -n^O^'-^'^ 

E174N -0 ~ - • 69 0.26 0.70 

E174V 0 76 0.28 0.80 

wild-type - 89 0.37 1.0 

1^740 0 ' 95 0.21 -£|0 

E174H 0 ri-l 101 0.43 ^ ; 1^2 



tint • o- -102 

137 2.9 8.6^ 



E174K 

E174R + 
E174Y 0 



■a: ^ • .^||||^ 

^vA/gehe* that/fcCOhtains a<:Kpnl; s ^ f °f ^JS i^S- ■' 
cloned into pB0475. Oligonucleotides used for 
mutagenesis had the sequence: 

5 ' -AC-AAG-CTC-NNN-ACA-TTC-CTG-CGC-ATC-GTG-CAG-T- 
3', 

where NNN represents the new codon at position 
lit and asterisks indicate the »J™*^\ 7 f ■ 
eliminate the Kpnl site starting at codon 178. 
Mutant codons were as follows: Gin CAG, Asn, 
AAC; Ser, AGC; Lys, AAA; Arg, AGG; His, CAC. 
Glv GGG ; Val, GTG; Leu, CTG. Following 
heteroduplex synthesis the plasmid pool was 
enriched for the mutation by restriction with 
£S to reduce the background of wild-type 
sequence. All mutant sequences were confirmed 
by dideoxy sequence analysis (Sanger, J-» e J ** * 
(1977) t>^-. wufcl. &™<*- Sci. USA 74., 5463-5467. 

b side-chain packing values are from C. Chothia 
(1984) Annu. Rpv- Biochem. 5JL, 537. 

c Dissociation constants were measured by 
competitive diplacement of, ["» I]hGH from the 
hGH binding protein as previously described. NE 
indicates that the mutant hormone was expressed 
at levels too low to be isolated and assayed. 
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Example 16 

The_hGH variants shown jn fable XXV were constructed. 
Their relativity potency asX ; cdinp.a;re" r d' to wt-hGH are 



Table XV. 



<hGH . mutant"^. 



Relative potency m 5 ^ r: 
; rj§; weight gain -assa(v ^ 



•F97A . ,. 

S100A 
/L101A 
J$P2A. 4 . 
jYl;03A 

T175S 



0.87 
2.12 
3 i 03 
1.39 
1.73 
1.21 



g 




, may be 

_ ^ that such 

modifications are intended to be within the scope of 



the present invention. 



cm 



-119- 

fj*. i£;!y>,*.i fir ■ }.: T.f '.;.IT- ^"v £•>{?;?■<?*• 2 (IT .£ ' 

rtabie**' ^iw '.-;Lo:£ ;,no ;,>r-.5~ *.i.r r* woo. .»& ? 7'J&qxte% 
^.x-rc-TA ^s&fch6<*v.r£©». identifying" Lat^ilieasJ: ga^^rst 
unknown, active domain in the, .'amino, acid mqu.e,nc^i.o| a 
parent polypeptide, said active domain interacting 
^fw#^^firs^'^target^ saidlmetKod comp^is^ngiMt 
1* l£* vXi c^)^x;^-substituting imm 't^ws^^^^^mf^W-.A 
^ •aoidv Segment; of daid parent; polypeptide wit»«a -first 
analogous polypeptide segment from an analog;. ; to, said 
parent polypeptide to form a , first ^segment- 
substituted polypeptide, said parent polypeptide and 
?>«saia9Snalogi ^having I a dif f ererttP interactionViMith 

:"£&fcfto$&£«^ed^ said^cf^^^|^^^o.^ 
determine the interaction, if any, 'be^e;e^^^^|y: 
target and said segment-substituted polypeptide; 
^m:&mq(k>3> Ao):U^i:^epeating;i:steps ^a^-s^^and; <bOnT.us.ing 
■ second analogous polypeptide segment from an analog 
to said parent polypeptide to form at least a second 
segment-substituted polypeptide containing a 
different analogous amino acid segments than said 
first segment-substituted polypeptide; and 

d) comparing the difference, if any, 
between the activity relative to said first target of 
said parent polypeptide* and said first and second 
segment-substituted polypeptides as an indication of 
the location of said first active domain in said 
parent polypeptide. 

2. The method of Claim 1 wherein said unknown 
active domain comprises at least two discontinuous 
amino acid segments in the primary amino acid 
sequence of said parent polypeptide. 



3. The method of Claim 1 wherein at least said 
first selected amino acid 8eqm$%®^&gM?Ml, .F&lgjfe • • 
polypeptide contains at least one amino acid residue 

•-'^located oits^he 3 surface* of itthe na*iv<£?tfs&d#d : >£orm„jbf 
5 ' said parent polypeptide « ■ ; .-. ';. ' : ■:■ ■,- y.j , s= 'i-wr •:- > ; ■:, v 

4. Th^citfethe-dD -io^iSG.l^im^. . : ^&^B^^^*^PlS?^^ 1 ^' : "--'-.- 
■• ' ^i^e^tih'gsistep^'a^irand f^ldOTfcAte^stanti^ 

'-^"the. ^aniirid nici^argMduies*?. :on. i &%i&,%&v&&Q^>&£i&&&.&\ .V 
i parent.' polypeptide' has , ■ been substituted-: by .. said 
10 " analogous amino acid segments. :&<--■■■ 1':^ *.*'■;•..■ 

Si-l-m ^.irii©i?liji«fefe©aii. of sxGlaim -si ^ .' 
repeating steps a) and b) until about? ^-100% : >f3f ^$he- ' 
;■' ^\^^B^©^-s-ae^.^44^efeefiS;?of.^ said* "parent -', polypeptide has ^ 

:'.i"5 ^ ;: ;V;^fsi^(|EEl£s ; a^f vffe- ^'^i^^^t-^i- ; ^^^0MM^^§- 7<\] 

. . .^'^c^^a;Thel methods o^sJiClai^.^^^^ comprising 
repeating steps a) and b) until about 60-100% of the 
amino acid sequence of said parent polypeptide has 
been substituted by said analogous amino acid 
20 segments. 

7. The method of Claim 1 further comprising 
identifying a second unknown active domain of said 
parent polypeptide, said second active domain 
interacting with a second target, said method 

25 comprising repeating steps a) through d) with said 

second target. 

8. The method of Claim 1 further comprising 
identifying at least a first active amino acid 
residue within said first active domain, said method 

30 comprising; 



•ssid2i- 



'.BP 



ep « substituting ■5- r ^cVn^Vt£~ikint? acid'* for 
- 2* <d ; if lfereW~*lrs^1&i i tfo' ! « am^-rgsia^e^^hW^laid ■ 
> 'first : -active- '-domain 0 t6 r : ' ; f orW f a first" ' residue- 
substituted' polypeptide; - . x . - - -^ - ■ • " • , 

f) contact ing-'-^arfd" :=f^%st residue- 
substituted polypeptide with said first target to 

>^et€rmlne -the*-^^ 

'■^££ r get ; 'and-s%ad : ^ V 

g) repeating step's 5 e) ' and f ) to 
substitute : i a ; • scanning amino ; ? acid f or ; it ' . least a 

^second ■ ainina - acid- r^idue ;i; w'i^in £ ^id:^f irsS""; active, 
^o^Sih t^'form ^ilias^^s^c^^elidm^gltif f ted, 



h) comparing the dlff erehcef If - ~any>; 
,15 . between the activity relative to said first target' of 

■^second- rls^u-e*W^ 

^4ttdl'ca&6^ ' ■ 

in said first active domain. 

20 9. The method of Claim 8 further comprising 

repeating steps a) through h) with a second target 
. substance to identify a second active domain and at 
least one active amino acid residue within said 
second active domain. 

25 10. The method of Claim 9 further comprising the 

step of substituting at least one of said active 
amino acid residues in said first active domain with 
a different amino acid to produce a polypeptide 
variant having a modified interaction with said first 

30 target but which retains substantially all of the 

interaction of said parent polypeptide with said 
second target. 
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11. The method of Claim 10 further comprising the 
\. st^p, of r ^uh^ti^uting at r least : i one og said active 
^ ..piminq, acid,, residues, in, said .second ^tiv£, domain with 
^ .,fi : different amino , acid, to j , prqduce r } _a n > polyf>eg1|ide . 
5 , variant having a modified interaction -.with said>first 

s ,. : ;i 12 . >w „ The ...method of, Claim"-, 9 -Wherein. >iaid~ £i£i£^ifiuiC 
saidL, second, active . domains have ^ at£..l,eas^ 
active amino acid residue, t said method further" 
10 comprising . substituting . . at least, said, one common 

. active . amino acid ; res idue,- with, a : dif f erent ; amino>iacid 

• interactions with each of said first .and ^said^^iecbhd 
^'- vv^3L3rgets. r .. ^ w - <w; i-/-^" • "■ • \v>^ 

: ^S#3^; : ;^%; .method- ■ of .Claim; "S* - kfae^^^ 

: ^ w Vsaid second actiye domains ^have^.afe.; -leasit; :'-bnfe^i^dri' 
• yV;-^^ct^e^; ami©0' c ' agid : '^M^^pM : ^^^^^^ 
comprising substituting at least one amino acid 
residue in said first active' domain not comprising 
20 said at least one common active amino acid residue 

with a different amino acid to produce a polypeptide 
variant having a modified interaction with said first 
target, 

14. A method for forming a growth hormone variant , 

25 said method comprising: 

substituting at least one different amino 
acid for at least one of the active amino acid 
residues in a parent growth hormone to form a growth 
hormone variant having a different activity with a 

30 target as compared to the activity of said parent 

growth hormone. 
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ift^Td^ ^th6o:^ol^ormi«g n a tfi^owth^^hor^ohe11vari^nt 

- r? f -$?^b s1: itaatifig" £ at: "least - one different -/amino 
* -Scid^for^ ^eas^W@-oCi.tfte ^active- amiho-sacids int,an 
dMithiW'&E ' p'a^efit i^go^h^nhornioriesltM ..f orme- ;-a 

- gro llt^ntrm©fie^^ 

:: with a target as compared to the activity of said • 

- ie.- r method' for- "identifying at least - one active 
^b^dii ^iMe '^:-a'^parehtr polypeptide, ' said 

' . - . ^ie^mompliiA^ 3^1. a ^o?^ ^ .. 

a f W $^au^«ssr : N£ within •., 

said parent polypeptide to form an ^substituted 

f'&M&o&ih ' isti£s%$tut&n^"a scanfvihg ai^rtbr aciS^or 

: each of the ' amino aci^^es^es-at^ ^^ ■ 

N+l and N-1 to said first residue to form 
respectively N+l- and N-l-substituted polypeptides; 
20 ( c) contacting each of said substituted 

O polypeptides with a target to determine the 

O interaction, if any, between said target and said 

substituted polypeptides; 

(d) comparing the difference, if any, 
between the activity of the parent polypeptide and 
said substituted polypeptides with said target; 

(e) repeating steps (b) through (d) for 
increasing residue numbers if said activity 
difference between said target and said N+l 
substituted polypeptide is greater than two-fold and 
for decreasing residue numbers if said activity 
difference between said target and said N-1 
substituted polypeptide is greater than two- fold. 



25 



30 



- -5124- ■ 

inl7 ;~ c \=Theioiiejai^i^«|afeii' ^ejrS&gsein^ste^^) through 
(d) are repeated until at ^ej^fc^tc^fc^uj^t^u^d 
-rpalypeptddfe^ containing. , thej- substitution of a 
scanning 5 amino,. acid ;at *f our. : cpnsecutiye res i^ues, jir e 
5 " kv^e^&±BAki^it0s^^&l^ ' jithan^ ■ a. '■•t»oy^%}^ ' activity • 
■ ■ ■ ^rfdif f erenfcesrmisiSe^^ : 

18. The method of -fclaim ; - ' i>J»8.^^^^ 

parent polypeptide is selected from the group 
. consisting.?;ojf:jjhuman grpytth ;^rmone ^ human- prolactin, 
10-. .^.arinterfe^M^ 
; ' _ ;:activa^r,.; : |^ 

. - ofc^licle^isti#Als||iDg fhorjioQei:^^^en^|dngv . hormone, 

' atrial- ; na^ ;: 

■ ,_ . . 1 ■m&m^±$.%<^^$£: :: ^j^i^ii^^^^ 

v "' is£ - .^^:^v""^'^S^^SS^" ^i?^ Claim 18 wherein 

. 15 . . . polypept ides:* i«s;ihuccian. growth! • hprmpnf , ' human placental 
, lactogen? andxM ^n- - - - ^ -• -. ; •- 

20. The method of Claim 1 wherein said parent 
polypeptide is human growth hormone and said analog 
is selected from the group consisting cf human 

20 placental lactogen, porcine growth hormone and human 

prolactin. 

21. The method of Claim 8 or 16 wherein said 
scanning amino acid is an isosteric amino acid. 

22. The method of Claim 8 or 16 wherein said 
25 scanning amino acid is a neutral amino acid. 

23. The method of Claim 22 wherein said neutral 
amino acid is selected from the group consisting of 
alanine, serine, glycine and cysteine. 
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24;. .The methods of Claim 2j^ 3 ^ereAn n. said, 0 ss^ in 9 

■ ::-S*a&&io- tacid^is alanine ■ynicasq?^^ 

25. -The method of Claim 1, 8 or 16 wherein said 
: . X iact^yity eis ^easured'^rt, aifc ^ vitroffipr p vivq^aggay , 

5 26. The method of Claim 25 wherein said parent 

. ^polypeptide v'isu a:" r- hormone, >!andrf .', sa&d*^ activity-; : is - 
\ ' measured in an in vitro assay using a : soluble hormone 
receptor. v . 

•:■?>&: I ft ■ ■■ •' i -''-Jits - r ■ , i*i.Bi"'5l/j ' '. Vf&'. *•"■•}< {■ r •T-'**'-'. 

27.- The methoduofiClalm^ 
10 ■ human growth hormone and said soluble hormone 

; ; " ^^€^»^=^^^^^^a^^^*^o^ C^imtrc^"' ; *h£^ 

.:' receptor is -shPRLr. • . -^.:: ):--x- ,••//. .^U^:-;::^;,, . , 

15 29. The method of Claims 1, 8 or 16 wherein said 

activity indicates the binding of said target to said 
parent polypeptide or the catalysis of said target by 
said parent polypeptide. 

30. The method of Claim 29 wherein the activity 
20 between said target and said substituted polypeptide 

is increased as compared to said parent polypeptide. 

31. The method of Claim 29 wherein the activity 
between said target and said substituted polypeptide 
is decreased as compared to said parent polypeptide. 



32. A growth hormone variant comprising in order 
relative to the N-terminus, sequentially, at least 
first, second and third portions, said first portion 
corresponding to at least one part of the amino acid 



'?**£&$iSntiy>&§£ n^r pSrenlS gr6wiih 5 hormone^ said third 
■ . portion corresponding to at least . another ^parfc .of - , the 
amino acid sequence of said parent growth hormone- and 
• said' second portion . corresponding. - to£ an.-.canalpgous 
5 . . vep6rtibni:...Qf : ^antini^jaifidi^ 

occurring analog to said parent growth hormone. 

. -a^t : 33.. • The« growth ;. hormone' u variant- of:; ; Claiw. -.32; ,^he?-ein -,; : 
said parent growth hormone is hGH and said naturally 
occurring analog is selected from the. group 
10 r i consisting of human placental lactogen, human 

":v;;;;::^; > The growth hormone variant, df^^aim f^ewh^rein ; 

: said . parent growth hormone is hGH and said second 
A'; JpkS^ . ;gr.pupT;^5i^ha^g;; a^ino; v ; 

•15v- ' ^-^acid^^equehces- ■ consisting *>f *hPE:t i2^f ^^ypG^|^|#3j'^ A 
hPRL (12-33) , hPRL( 12-19) , hPRL (22 -33 ) /. hPIi (;4 6^5 2 ) , 
pGH(48-52), hPL(56-64), pGH (57—73) , hPRL(54-74) , 
hPRL(88-95), hPRL(97-104) , hPL(109-112) , pGH(108- 
127), hPRL ( 111-129 ) , hPRL (12 6-136) , pGH(164-190) , and 
20 pGH (167-181) . 

35. The growth hormone variant of Claim 34 wherein 
said second portion is selected from the group 
consisting of hPRL(97-104) , hPRL(54-74) and hPL(56- 
64) . 

25 36. The growth hormone variant of Claim 34 wherein 

said second portion is hPRL (22-33) . 

37. The growth hormone variant of Claim 32 wherein 
said parent growth hormone is human growth hormone 
and said second portion comprises amino acid 
30 sequences selected from the group consisting of 
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n k-) -127- . W " p <^^$l$$" 

analogous" sequences to residues 11-33, 46-52, 54-74, 
38. A *&£Sff Jrew&^o 7 ^ 

acid sequence not found in nature and which is 
'^l&rived ^^ep^c^^^b^-^-^eM^^e ^aSino -acid . 

residue of a human ^o^^r&^mm^imrer^ : 5 ■ 

amino acid, said amino acid residue being selected -,. 
;n ^llim ^ e ^oi P a Sf v: ^^ growth . 

hormone " consisting 

D171, K172, E174, T175 , F176 , ftl78^ 0182/ V185 , 14 , 

^ U %;-X6r-S7/t8- ^2,^^14^ -LI'S; B^6r-R19i--S55V^S57, . / • 
•■ Va*jft 9 i/ffc 2 , Ojfc , \ffl,<&&, i dm,-iit9/^f8 : 2v fe m83- / " 

' ' qi^*^. t^ 

£174 ', S184-, E186, Sl88 , F191, H21, N47 , P48 , Q49> 'vV 

'^^5^, ■ S I 5 f^^i6 ^173^^7 / f E8^^ 4 F2 i 5'f^ 6f ^29 V#%3-p-, ; : * : 

$103 , G104 , ~Q22 , E33 ana equivalfents tu^eua..,. , 



39. The growth hormone variant of Claim 38 wherein 
said different amino acid is an isosteric amino acid. 



J . 

20 40. The growth hormone variant of Claim 38 wherein 

said amino acid residue is selected from the group of 

amino acid residues of human growth • hormone 

consisting of F10, F54, E56, 158, R64, Q68, D171, 

K172, E174, T175, F176, R178, C182, V185 and 

25 equivalents thereof. 

41. The growth hormone variant of Claim 40 wherein 
said replacement is selected from the group 
consisting of F10 GEMARQSYWU and V, F54 GEMARQSYWLI 
and V, E56 GMFARQSDNKL and V, 158 GEMFARQSV and T, 
30 R64 GEMFAQSH , KD and N, Q68 GEMFARSHKD and N, D171 

GEMFARQSHK and N, K172 GEMFARQSHD and N, E174 



■• -128- 

GMFARQSHDNK and^I^, ^5 ; ^0^M^,^^ ^^^^ 
GEMARQSYWLI and V, R178 GEMFAQSHKD and N, C182 

•^.;.43 t . r ,!Th.e. > growth, .hprmpne. var^ wherein 
. said amino acid residue is selected from the group of 
. amino acid residues of . .human . growth hormone ; . 
v . L ; consisting B of : I4 :/ P5,, L6 , tj S7 , ,R8., N12 , M14, r L15^ ; R16, 

10 ■ .~-R4.9 ,c cS55 , yS57, P59-, *SfiZa<> * , -:£gg0 ,.^71^.^68.,-; : , ; 

aminos acid residues ;. of;": human, . growth- hormone 
15 ■ . ];-'y consisting, of ' P2 , T3 , L10 , • H18 ,. R64 , E65 , Q69 , L73> : . 

R167, E174, S184, E186, S188, F191 and equivalents 
thereof. 



m 

MM . 



45. The growth hormone variant of Claim 38 wherein , ^ 
said amino acid residue is selected from the group of V- 

20 amino acid residues of human growth hormone "~ 

consisting of H18, R64, E65, L73, E174, E186, S188, 
F191 and equivalents thereof. 

46. The growth hormone variant of Claim 45 wherein 
said replacement is selected from the group 

25 consisting of H18A, R64K, E65A, L73A, E174ANQS and G, 

E186A, S 18 8 A and F191A. 

47. The growth hormone variant of Claim 38 wherein 
said amino acid residue is selected form the group of 
amino acid residues of human growth hormone 
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4 a'. The growth hormone variant of claim-47c wherein 
said different amino acid is alanine. 

- , The-grdwt^hbrm^ wherein 

i^ai^'Vartfa^ 

substitution ccmprising K172A/F176A. :. 

50. The growth hormone variant of claim 38 wherein 

Jaj^a^ 

10 ^JtifcuPi ^^rl^dtlff^f^h^ g^QWl^^hp^iiione : 
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51 The growth ; hormone-vaxiant of Glaim-50 therein 
said amino acid residue is selected from the group 
consisting of F97, A98, N99, S100, L101, V102, Y103, 
G104 and equivalents thereof. 

52. The growth hormone variant of claim 51 wherein 
said different amino acid is selected from the group 
consisting of F97 GEMARQSYWLI and V, A98 GEMFRQSDNH 
and K, N99 GEMFARQSDK and Y, S100 GEMFARQHDNK and Y, 
L101 GEMFARQSIV and Y, V102 GEMFARQSITLY and W, Y103 
GEMFARQSWLI and V, G104 EMFARQS and P. 

53. The growth hormone variant of Claim 38 wherein 
said amino acid residue is selected from the group 
Q22, F25, D26, Q29, E33, Q49, T50 , R64 , R167 , K168, 
158, F176, R178. 



replacement < is^selecteda fromr^ of 
Q22N, F25S, D26E, Q29S, E33K, Q49A, T50A, R167A, 
'K168A,' -I58L- and: A r R64K >and A, F176Y-and A, R179K and 

Ip'&Sp*.. The ^grd^tK th&rmti^^ wherein 
^^l^iai i .vari^ant^ilcontains; ;a - : dbutae; - ^aminof /. acid 
substitution selected!,/ from the group consisting of 
K168A : E174A, R178N : I179M and K172A : F176A. 

56^ ^ A^ humamgrb^tohprm 
£to : ^equenc5^wnote f ounfevin:|,fiatu^fe an^ which^ i% ^derived 
; 5:J^t^ .; t efcfe$2^a^ -X 

'& : £jSi ^ . humanO i^o^ht4ihp^Q^e .with . % - ^^i^Ef^ent^- ^arnino-. 

" group of - auai^ of human igf^p^th hormone • 

consisting 6f FIO^ F25 , D26; : '%X$i^j^TL^[i kl72 7 E174 # 

57* A human growth hormone variant having amino acid 
sequence not found in nature and which is derived 
with replacement of at least one amino acid residue 
of a human growth hormone with a different amino 
acid, said amino acid residue being selected form the 
group of amino acid residues of human growth hormone 
consisting of F97, S100, L101, V102, Y103, T175 and 
equvalents thereof. 

58. The growth hormone variant of Claim 57 wherein 
said substition is selected from the group consisting 
Of F97A, S100A, L101A, V102A, Y103A and T175S. 

59. A human growth hormone variant having the amino 
acid sequence of a human growth hormone containing 
one or more amino acid modifications comprising the 



substitution, V insertion or deletion: of:, an ; :aminp, 5 acid 
Residue irf ,; said,, ^segueno©, .where.ih; :the^ctiyet domains 
for the somatogenic receptor ,^f or. ?.said . ^growth*;: hormone 
are unmodified. 

4? 'i =*£'->' S:S . Mi.mlO ."xv: .^shsv ia^:i^s"t}'' s&?i; - ^'4'^. 

60 . The ^variahta « ^Claims ; 5:^ c^whereinc xs5.i* growth 
hormone is human growth hormone and said active 
domains comprise residues 2^33 54*74; and. 167-191.. 

61. The variant of Claim €0 wherein said active 
domains comprise* residues- 6rl4,-i 56-68 and 17 1-19 lj. 

62 . A growth a hormone.: variant- - having ft the;. :amino.;;acid 
sequence of a human growth hormone containing one or 

'■^a±d\XBi^^±d:i^q^6& ,' swhereifvi -the" a^fcdivev. amino 
acids for the somatogenic receptor for , said growth, 
hormone are unmodified. 

63. The variant of Claim 62 wherein said growth 
hormone is hGH human growth hormone and said active 
amino acids comprise F10, F54, E56, 158, R64, Q68, 
D171, K172, E174, T175, F176, R178, C182 and V185. 

64. The variant of Claim 63 wherein said growth 
hormone is hGH human growth hormone and said active 
amino acids comprise 14, P5, L6, S7, R8, S55, S57 
P59, S62, N63, E66, K70, S71, K168, 1179, C182, R183 
and G187. 

65. A human prolactin hormone variant having an 
amino acid sequence not found in nature and which is 
derived by replacement of at least one amino acid 
residue of a human prolactin hormone with a different 
amino acid, said amino acid residue being selected 



' " ' -132- 

from the group of amino acid residues of human 
r i t>£ola£tin " consisting of H17 1> iN175 >t j; Y176 , ?K17 8 / c H54 , 
^ * S56>^ L58 : , A59 v -E62;^-D63^ , Q66^t; : N7a^ ;l,i79; # t: T55v:*K64, 
* #671- M7 07 Q72 p 'K7 3 , D7 4 i e:^ • -vr--v r^^o^ <?V^' x:-' 1 

5 66. The human prolactin variant of Claim 65 wherein 

rf:H^kid replacement^ c 

67LjS/ THe . human p:^^ 

comprising the replacement K178R. 

68E^*Th^h\^ 

10 comprising the substitution of the analogous amino 

; . . ■ «i:^9;^^Th^'3.1S^^ ; 
^feacid>€^ 

15 70. The human prolactin variant of Claim 67 further 

comprising the replacement H54F:S56E:L58I:E62S:D63N: 
Q66E. 

71. The human prolactin variant of Claim 67 further 
comprising the replacement H54F:S56E:L58I. 

20 72. The human prolactin variant of Claim 67 further 

comprising the replacement E174A. 

73. The human prolactin variant of Claim 72 further 
comprising the replacement E62S:D63N:Q66E. 
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74. The human prolactin variant of Claim 74 further 
comprising the replacement H54F. 



iSi- The Miim^ -pto^LaCtiiitvarian^of ^iaim«14 ,f ur^er 
comprising the replacement S56E^ ftc* c.a .SC. 

76. The human prolactin variant ^ Clai^^ further 
comprising the replacement L58I. W : 

t 77 .c Ttie huma^cpr^actin^ 

comprising .the replacement. : A 59P^ *P^: frtg^L&p; : 

78. The human prolactin variant of Claim 74 further 
comprising the replacement N7 IS.. 

79. The human prolactin variant of Claim 74 further 
comprising the replacement L179I. 

80. A human placental lactogen variant haying ^ 
acid ' secnienee . not ' -ound in nr-ure- ^a/yiuch. is 
derived by the replacement of at least one ammo acid 
residue of a placental lactogin with a different 
amino acid, said amino acid residue being selected 
from the group consisting of Q2, V4 , H12, Q16, D56, 
M64, M179, and equivalents thereof. 

81. The placental lactogen variant of Claim 80 
wherein said replacement is selected from the group 
consisting of Q2P, V4I, H12N, Q16R, D56E, M64R and 
M179I. 

82. The placental lactogin variant of Claim 80 
wherein said replacement is selected from the group 
consisting of V4A, D56A, M64A and M179A. 

83. The placental lactogin variant of Claim 80 
wherein said replacement comprises D56E and M64R. 
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^1.34- • -"- 

"sm-^b. ^NAclse^enc^^;encodingrth©o^i:iM^ «fe Claims ■ 

32, 33, 38, 65 and 8'(^-i;2 s..a* vfJ^^yqsrqx- 

s8'5. ; Art Expression vector containing the. ; DNA - sequence 
of .Ciaim' ; -84.' v .. ■ , a.o D.;v^&;2&.i^#?/ : 6$f ' 



5/ ' -^^Ari^^ex* 

" -express ion. .vector of 3€tt*iJ»r.$s^o:*art^ 




S-> :*£ 2*£ 

33 j EB 

2 §2.23 



CSJ 

I 



'^„; v .-^ :;i i*^|i^--v 3 -;.;*-.»-:--. ."- V • • .- • 



. --v?-..V* 



# hPRL (88*95) 
▲ hPRL(97-104) 
H hPL (109-112) 
X hPRLdl 1-129) minML- 
hPRL (126-1 36),*** 



Mab 1 





M'cJb-8 



X Detetion (32^6) 
• hFt (46-59 minus pGH (48-52) 




p |G.— 6A 



m^^:€mM^^msm^^^ ... ., 

.:■ . .-V---, . %*$#^&$to s *' • ! ^' ' '.2: ■'■ •^^ y.-'V--/ 
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• pGH (1 1 -33) ntouahPRL (22-33) 
o nPRL (12-19) minus hPL (12-25) > 



' V','. --> r% 




ST; «Pi?L(12-m „ 



N 




A pGH (57*73) rrinus hPRL (54-74) 
■ pGH (164-190) minus pGH (167-181) 




SUBSTITUTE SHE? 



• pGH (11-33) rrtoua hPRl (22,33) ~- -5Lc r - ^ I: 
A hPL (1 2-25) minus hPRL (22-33) h^l^^Tm/: I 
V hPRt (12-79) 
■ hPL (109-112) 

X hPRL (1 1 1-1 29) minus hPRL (1 26-1 36) 



/" Mq1d3 n 
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7 ..hPRt 02-19) minus pGH (1 1-33) «jfc*T N 



hPL 009-1 12) 



-If 
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